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CLIMAX FURNISHES AUTHORITATIVE ENGINEERING 
DATA ON MOLYBDENUM APPLICATIONS. 


Molybdenum cast iron 
brake drums have proved 
themselves in exacting 
wartime service. 


MOLYBDIC OXIDE, BRIQUETTED OR CANNED 
FERROMOLYBDENUMe “CALCIUM MOLYBDATE” 
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FLYING ANTENNAS... . Television and FM 
programs will be “beamed” (solid lines) from 
ground stations . . . and from plane-to-plane 
(dotted lines) . . . for rebroadcast to shaded 
areas, 14 Stratovision planes, now being devel- 
oped by Glenn L. Martin Company, can cover 


78% of the nation’s population. 





How Westinghouse STRATOVISION 
headache out of Television and FM 


took the final 


VEN before the war ended, Tele- 
F vision and FM transmitting and 
receiving equipment had reached 
a high degree of perfection. But a 
final difficulty remained—the prob- 
lem of broadcasting such programs 
on a nationwide basis. 

Because of the ultra-high fre- 
quencies employed, Television and 
FM waves travel only in straight, 
“line-of-sight” direction. They do 
not bend around the earth’s sur- 
face ... as do those of standard- 
band radio. 

This limits the range of a Tele- 
vision or FM station to a maximum 
of 50 miles—even when perched 
atop the tallest building. 

A chain of radio-relay stations 
across the country—or coaxial 
cables spanning the nation — have 
been proposed as a solution. But 
these are terrifically expensive and, 
worse yet, cause serious distortion 
of long distance programs. 

Now, at last, Westinghouse re- 
search engineers have discovered 





a practical solution through 
“STRATOVISION”’—broadcasting Tel- 
evision and FM programs from 
planes flying six miles high in the 
stratosphere! 

At this altitude, a single Strato- 
vision plane can cover an area 422 
miles in diameter ...103,000 square 
miles ...approximately the com- 
bined area of New York, New Jer- 
sey and Pennsylvania. 

Westinghouse engineers predict 
that 14 of these flying broadcasting 
stations can transmit 4 Television 
and5FM programs simultaneously 
to 78% of the nation’s population. 

The conception and planning of 
Stratovision broadcasting are a 
tribute to the ingenuity and engi- 
neering “know-how” of Westing- 


house radio technicians... gained 
through producing $400,000,000 
worth of Radar and radio equip- 
ment for our armed forces. 





HERE’S THE SECRET . . . Stratovision broadcast- 
ing, serving an area of 103,000 square miles, will 
require only 1/50th as much power as a 50 kilo- 
watt ground transmitter covering only 7,900 
square miles. That’s why a single Stratovision 
plane can easily carry and power the equipment 
needed for simultaneously transmitting 4 Tele- 
vision and 5 FM programs, 


Westinghouse 


PLANTS IN 25 CITIES 


OFFICES EVERYWHERE 


Tune in: JOHN CHARLES THOMAS — Sunday, 2:30 pm, EST, NBC. 
TED MALONE — Monday through Friday, 11:45 am, EST, American Network 
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This is a drawing of a modern machine 
tool spindle; it represents one of the most impor- 
tant bearing applications in all industry. 


The answer to this bearing problem — and to 
thousands of others, equally important, is Timken 
Tapered Roller Bearings. 


By acquiring a thorough knowledge of Timken 
Bearings now, while you are studying, you will 
have the edge on others not so farsighted when 
you leave school to begin your career. 


Timken Bearings are used, preferred and endorsed 
by engineers, the world over. They are manufac- 
tured by the largest bearing company in the world 
making tapered roller bearings exclusively; the 
only bearing company producing its own steel. 
They are the result of 47 years of continuous 
development and experience. 





MARK REG. VU. 8. PAT. OF 


The trade-mark ‘“‘TIMKEN” stamped on every TAPERED ROLLER BEARINGS 
bearing is your guide. The Timken Roller Bearing 
Company, Canton 6, Ohio. 
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“Didn't Hurt a Bit!” 


OUR YOUNG FRIEND means exactly that. He wasn’t hurt a 
bit. And what happened to him is now the rule—not the 
exception. 

For today dentists—as well as physicians and surgeons — 
have at their disposal many safe and effective pain pre- 
ventives. 

These merciful preparations fall into two types, anal- 
gesics which are used to reduce pain, and anesthetics which 
are used to abolish all sensation. 

Whichever type your dentist or physician decides is indi- 
cated, you can know that his methods and understanding 
of pain prevention represent almost incredible progress in 
recent years. They are a far cry indeed from the effort of 


Sir Humphry Davy, who first discovered the anesthetic 
effects of nitrous oxide back in 1800. 

Regardless of the type of pain preventive which may be 
selected to meet your requirements, you may be increasingly 
confident of its purity and effectiveness. 

For the pharmaceutical manufacturers who make anes- 
thetics and analgesics now have available to them a wide 
variety of scientifically produced synthetic organic chem- 
icals from which to select their raw materials. The quality 
and potency of these chemicals are of assured uniformity 
because they are man-made under strict, scientific control. 
And, untiring research is continually increasing the number 
available for use in the prevention of pain. 


Many of today’s synthetic organic chemicals were developed through research by CARBIDE AND CARBON CHEMICALS 
CORPORATION. More than 160 of these chemicals are now produced as raw materials for industry by this one Unit of UCC. 
Among these are diethylethanolamine used by pharmaceutical manufacturers as an intermediate in the preparation of 
novocaine so familiar to dental practice . . . acetic anhydride used in the synthesis of aspirin and other analgesics . . . 
and others like ethyl ether, ethanol, dichlorethyl ether, dimethylethanolamine, and methyldiethanolamine, which serve 


in important ways in the preparation of pain preventives. 


FREE: If you'd like a full color reproduction of this painting, without advertising, write UNION CARBIDE, Dept. P-11, New York City. 


UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street [I[9@ New York 17, N.Y. 


Principal Units in the United States and their Products 
ALLOYS AND METALS— Electro Metallurgical Company, Haynes Stellite Company, Kemet Laboratories Company, Inc., United States Vanadium Corporation 


CHEMICALS — Carbide and Carbon Chemicals Corporation 


PLASTICS — Bakelite Corporation 


ELECTRODES, CARBONS & BATTERIES— National Carbon Company, Inc. 


INDUSTRIAL GASES AND CARBIDES—The Linde Air Products Company, The Oxweld Railroad Service Company, The Prest-O-Lite Company, Ine. 





FABRICATED 
PARTS 


MOLDED MACERATED 
and 
MOLDED LAMINATED 


FORMS and PRODUCTS 


male had been produced for 
over a hundred years before 
Roentgen discovered their nature 
and possibilities. 

He unlocked a mystery. Within a 
few days from the announcement of 
his discovery, practical uses for X- 
Rays popped up all over the world. 

That’s the way it often is with 
plastics. Plastics are here but all 
their applications are not apparent. 
To make them “click” for you it 


SHEETS « RODS+ TUBES - FABRICATED PARTS 
MOLDED-LAMINATED - MOLDED- MACERATED 


may only be necessary for you to 
tell us what you need in a material. 
If it’s excellent insulating charac- 
teristics, resistance to corrosion, 
stability over a wide temperature 
range or a combination of many 
other properties, our type of tech- 
nical plastics—Synthane—may do. 
Let’s help you find out. Send for 
our catalog of Synthane Technical 
Plastics. Synthane Corporation, 
Oaks, Pennsylvania. 


SYNTHANE 


Plan your present and future products with Synthane Technical Piastics 
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Modern trains of the future will have no open berths. The 
old-fashioned curtained-berth sleeping car with all its 
discomforts of cramped dressing, communal noises and 
crowded washrooms is on its way out. 

Budd has designed revolutionary new sleeping cars for 
post-war travel. One is the Budgette Car with 32 individual 
rooms (equal in capacity to the old standard 16-section sleeper). 
In your own room you will have a comfortable seat by day, a 
bed which is ready when you want it, made up before the train 
leaves the station. You will control your own lighting and air- 
conditioning —your own toilet facilities—in complete privacy. 

For two people traveling together, two of these rooms may be 
joined by opening the door between them, by day and by night. 





odio alien 


EDWARD G. BUDD MANUFACTURING 0. + PHILADELPHIA * DETROIT fp rahf— 


PRR 


Originators of stainless steel lightweight trains, ALLSTEEL* auto bodies and stainless steel highway truck trailers. De- 


signers and makers of airplane and marine structures. Inventors of the SHOTWELD* system of fabricating bi-tensile steel. 
*REG. U.S. PAT. OFF. 
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THIS IS M. I. 7. 
DEPARTMENT OF MATHEMATICS 


By HENRY BAYARD PHILLIPS 


Professor of Mathematics 


F mathematics at M. I. T. differs from mathematics 

at other places it is because M. I. T. is more nearly 

a single institution. A characteristic of this singleness 

is that each subject is not merely taught, learned, and 

forgotten in an isolated corner of the building but 

spreads with varying intensity throughout the multiply- 
connected structure. 

“Mathematics,” according to Bertrand Russell, “‘is 
the science concerned with the logical deduction of con- 
sequences from the general premises of all reasoning.” 

Every subject with completely logical development 
is then mathematics. In a particular instance we have 
a set of entities with definitely stated properties, and 
from these properties others are logically deduced. If 
the entities under consideration are left variable, sub- 
ject only to having the assigned properties, the mathe- 
matics is called pure. If they are identified with definite 
physical quantities, the mathematics is applied. 

Thus mechanics, theory of elasticity, thermody- 
namics, and electromagnetic theory all have complete 
logical developments from definitely stated fundamental 

rinciples. They are therefore branches of mathematics. 
Since the variables involved are considered as physical 
entities the mathematics is applied. Although these 


applied subjects are usually taught in science and engi- 
neering departments, they are really mathematics. We 
hope that they are also correct science but cannot be 
certain. By that I mean that each of these subjects is 
logically developed from a set of assumed pce, 


but whether those principles are actually valid in nature 


is not certain. 

Because of this pervasive nature of the subject, 
mathematics is particularly unsuited to departmental 
limitation. There are, however, certain forms of teach- 
ing and research for which the Department of Mathe- 
matics must be responsible. 

The object of the teaching program is to supply 
students, graduate and undergraduate, with the forms 
of mathematical analysis needed in their various fields. 
Among these we must include not only what is used but 
what there is good evidence to believe should be used. 
This policy of anticipating needs, which has long been 
followed, has had no small part in causing other depart- 
ments at M. I. T. to use mathematics more freely than 
is the case in most other institutions. 

A very important field of application is mathematics 
itself. For training in this hs « gat have an unrivalled 
opportunity. In addition to a strong mathematics staff, 
students of mathematics have access to leaders in almost 
every field of application. The result is a breadth of 
view less easy to acquire under more insular conditions. 

The object of the research program is to solve the 
Lo worma that need to be solved. In many cases the 

ifficulty of a problem consists not so much in the under- 
lying physics as in the form of logical analysis required 
to reach a useful conclusion. In such cases a specialist 
in these forms of analysis may make headway wher 
those more familiar with the field are unable to advance. 

One of the most important fields of research is math- 
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ematics. The object of research in this field is to forge 
the logical tools of the future. For this type of work 
the close association with the science and engineering 
departments makes conditions at M. I. T. unusually 
favorable. In fact past history clearly shows that those 
parts of mathematics which are inspired by the physical 
sciences become not only practically most important 
but also form the starting point for generalizations of 
the poemnnest nature in pure mathematics. 

n arranging for these various activities it is recog- 
nized that no one can be wise enough to know exactly 
what should be done. For graduate work in applied 
mathematics a system has therefore been adopted under 
which the student himself is given the utmost freedom 
in making the choice. Work of such students has been 
put under the direction of an interdepartmental com- 
mittee which has representatives from the department 
of mathematics and from all departments in which 
mathematics is extensively used. Subject to approval 
by the committee the student is free to make his own 
oes without regard to departmental boundaries. 

hrough superior planning or better luck we believe 
some of the students who follow this program will 
choose the winning combination that will lead to the 
top in the great era of theoretical development which 
lies just ahead. 
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THE NITROPARAFFINS 


PART II 


By EDWARD M. KOSOWER, 2-48 
and 3 


KENNETH B. WIBERG, 2-48 


Pictures courtesy Commercial Solvents Corporation 


HE syntheses of the nitroparaffins have already 

been described in a previous article (October, 1945). 
The subject of the following discussion will be their 
applications to synthetic chemistry and their uses. 

Since the aliphatic nitrohydrocarbons were discov- 
ered after the aromatic nitro compounds, it became of 
general interest to compare their reactions. 

One of the more common synthetic means for work 
with the nitroaromatics is a process known as reduction. 
In applying reductive treatment to the aliphatic com- 
pounds, it was found the reaction followed a course 
similar in nature to the aromatic reduction, but with 
fewer steps. 

R =alkyl group 
Ar=aryl group 
ArNO.—ArNO—ArNHOH—ArNH; 


A convenient synthesis of N-Alkylhydroxylamines 
is accomplished by partial reduction of nitroparaffins. 
There are three general methods for reduction, whether 
partial or complete of nitroparaffins: (a) Chemical re- 
duction — such reagents as zinc, iron, or tin and an 
acid, stannous chloride, and aluminum amalgam can 
be used. Degree of reduction is dependent upon, in any 
case, the conditions under which the reaction is con- 
ducted. (b) Catalytic, reduction — the nature of the 
products formed by reducing with hydrogen under 
pressure and with catalysts vary with the activity of 
the catalyst and the conditions used. (c) Electrolytic 
reduction under constant conditions, the factor of 
temperature controls the ratio between hydroxylamine 
and amine produced. A subsidiary method of chemical 
reduction, that leading to simultaneous alkylation, is 
offered by organometallic compounds such that Dialkyl- 
N-hydroxylamines can be produced. 

The complete reduction to amines is now an indus- 
trially important process. .The amines from the nitro- 
paraffins are freek from secondary amines than most 
commercial preparations of the same amines. Because 
of this, they can be used to synthesize pure pharma- 
ceuticals and dyestuffs. 

Oximes can be prepared by a reductive process 
involving the alkylation of the aci-nitro form of the 
nitroparaffin, and pyrolysis of the nitronic esters to 
oximes and aldehydes. This has already been described 
in Part I. 

The most important large-scale derivative produc- 
tion is that of nitrohydroxy- and aminohydroxy-hydro- 
carbons. Nitroalcohols and glycols are prepared by the 
condensation of one or two moles of aldehyde with one 
mole of nitroparaffin. The reaction is catalysed by a 
trace of base. In the example of nitromethane, a triol 
may be formed since the nitromethane has three reac- 
tive hydrogens. 
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CH,NO.+HCHO "2° °f_, HOCH.CH.NO, 


base 
HCHO __, (HOCH,):CHNO, 2 °_(HOCH;);CNO: 








The condensation is of the aldol type and almost assur- 
edly involves the nitronic acids as intermediates. Thus, 
the basic catalyst would aid in the further tautomeriza- 
tion of the nitroparaffin after the trace of already- 
present nitronic acid has reacted. The ability to enter 
into this reaction varies in general with the molecular 
weights of both reactants, the first members of each 
homologous series combining extremely rapidly. Sec- 
ondary nitroparaffins are less reactive and tertiary do 
not react at all. Ketones react as well, but to a lesser 
extent. Acetone, however, condenses with two moles 
of nitromethane to give dinitroneopentane and water. 
This is particularly noteworthy, because a compound 
with two primary nitro groups is obtained with no 
hydroxyl group present to interfere with further syn- 
thetic use as a nitroparaffin. 
inal 


CH;COCH;+2CH;NOz.catalyst “CHOC: +H,0 


CH.NO- 


Condensation with aromatic aldehydes in the presence 
of a base, either an organic amine or a base, gives the 
dehydration product of the alcohol. Substituted ben- 
zaldehydes, for: instance, yield the corresponding 
B-nitrostyrenes. Only aromatic aldehydes will undergo 
this reaction, that is, aldehyde groups attached to 


From this maze of apparatus come many 
of the nitroparaffin derivatives 
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Feeder lines to central control panel 


nuclei capable of resonance, such as benzene, furan, 
and others. The reaction may be postulated as follows: 


ArCHO+RNH.—ArCH = NR+H,0 
ArCH = NR+RCH:NO, >RNH,+ArCH=C(NO.)R 


There is evidence for the formation of an alcohol as 
an intermediate which is converted into the olefin by 
the mineral acid used. 

One year after the first preparation of a nitroparaffin, 
Meyer reported the hydrolysis of the nitromethyl group 
to the hydroxamic acid and carboxylic acid. This has 
been of great interest to many investigators due to the 


unusual ibilities presented by the reaction. Not 
only is it possible to isolate an alkanoic acid from this 
reaction, but a major by-product is a hydroxylamine 


salt. Before the Commercial Solvents Corporation 
went into large scale production, the price of the sulfate 
was about $3.00 per pound. The commercial price is 
now less than one-third that mark, and prospects for 
a large-scale use after research are bright. This achieve- 
ment is no small one, bringing an entirely new industrial 
material into a usable price range. Among the labora- 
tory and industrial chemicals that can be synthesized 
with the use of hydroxylamine are indigo, sulfamic acid, 
amidoximes, azides, oximes, and diazomethane. 

The salts of aci-nitroparaffins are hydrolyzed by 
strong mineral acids to alleliydes or ketones. 
Ra—alkyl grou 
Ri—h rte a alkyl group 

2R,.RiC = NO,Na+2H,SO,—2R,R:CO+N,0 HO 
This reaction has been studied by Johnson and Degering 
at Purdue University, who found that calcium salts 
could replace the sodium derivatives. Except for one 
instance, the yields were in the 80-85 per cent range for 
experiments on nitroethane, 1l-nitropropane, 2-nitro- 
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propane, l-nitrobutane, and 2-nitrobutane. A general 
procedure is as follows: 
_ One-sixth mole of ang aw dissolved in 150 ml. of water, con- 
taining 8 grams of Sodium Hydroxide. This solution is added dropwise to 

an ice-cold mixture of 25 ml. concentrated sulfuric acid in 160 ml. of 

water. Efficient stirring facilitates the reaction. The aldehyde is isolated 

by distillation. 

This offers a convenient method for the synthesis 
of various aldehydes and ketones from the nitroderiva- 
tives which can be prepared by condensation. 

In passing, we might mention that there is an 
extremely delicate analytical procedure for differentiat- 
ing between primary, secondary, and tertiary nitro 
groups. Nitrous acid reacts with primary and secondary 
nitroparafiins to form nitrolic aa and pseydo-nitroles, 
respectively. The salts of the nitrolic acids are char- 
acterized by their red color, while the pseudo-nitroles 
are blue. The tertiary nitroparaffins do not react at all, 
having no active hydrogen on the alpha-carbom 


NOH 
Vi 
RCH:.NO.+ HONO—RC Nitrolic acid 
(salts are red) 
NO, 
NO 
R:CHNO.+ HONO—R.C Pseudo-nitrole 


(blue) 
2 
R;CNO, +HONO—No reaction 


Aci-nitroparaffins are formed by the action of bases 
on the nitro-form. These salts of nitronic acids are 
unstable:to a greater or lesser degree, but most revert 
to the nitro form in the presence of H*™ ion. The aci- 
nitro form is extremely reactive, taking part in various 


The synthesis of indigo 


NH: 
+ CCIisCHO + NH,OH ——>- 
Chloral 


Aniline H 
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Still tower in nitroparaffin plant 


condensations. For example, 2 moles of the aci-nitro 
form will condense with one mole of the normal nitro 
form with the loss of water to finally form trialkyliso- 
xazoles. One nitro group is lost in the course of the 
reaction, in a change reminiscent of the conversion of 
tetranitromethane to trinitromethane (see Figure 1). 

Nitro methane, on treatment with strong alkali, 
gives methazonic acid. On further treatment with 
strong alkali, the methazonic acid is converted to 
nitroacetic acid. 


O. 


Ps 
HON =CHCH = N—OH NO, 
Methazonic acid | 
CH,CO.H 
Nitroacetic acid 


Among the other interesting reactions of the aci- 
nitro form, is its reaction with mercuric chloride, to 
give a white precipitate, probably the mercuric salt of 
the aci-nitro form, which then loses water to give 
mercuric fulminate. 


2CH,=NO,Na+HgCl; >(CH:=NO;):Hg_—2 H,0 
Hg(ONC): 
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The formation of the nitronic acid 
is also necessary in the postulation 
of the mechanism of the reaction 
between the nitroparaffins and a 
halogen in the presence of a base. 
Under this Bie nag replacement 
will take place on the carbon which 
also contains the nitro group. The 
nitroparaffin, under the influence of 
alkali, reverts to the aci-nitro form, 
which then adds the halogen across 
the double bond. This di-halo form 
seems to be unstable, and immedi- 
ately loses hydrogen halide to give 
the halo-nitroparaffin. 


RC = NO.H+ X.— 
7 a ‘ ale sk i O0.+HX 
2 x 


Another view of this reaction 
would be an addition of a positive 
halogen atom to the anion of the 
nitronic group and simultaneous 
formation of a halide ion. 

These mechanisms are in agree- 
ment with (1) the rapidity of the 
reaction, (2) its occurrence in the 
absence of light, and (3) the fact 
that the halogen atom is always 
bound to the carbon which holds the 
nitro group. 

In the absence of base, and in 
anhydrous conditions in the pres- 
ence of sunlight, however, chlorine 
substitutes to a great extent on 
another carbon than that which 
carries the nitro group. Bromine on 
the other hand gives the same prod- 
uct in both cases. 

This peculiarity of reaction has 
been the subject of much experi- 
mental work —to determine why 
chlorine and bromine act differently, 
and why phosphorous pentoxide 
assists the reaction substituting on another carbon 
atom, while even a trace of water assists the formation 
of the compound with the halogen attached to the 
carbon with the nitro group. It has been noted that an 
equilibrium between the normal nitro form and the aci- 
nitro form exists. From the following reactions, it will 
be seen that even a slight amount of water would shift 
the equilibrium toward the aci-nitro form and cause the 
normal reaction in a basic solution to occur, while the 
removal of water will cause the equilibrium to shift 
toward the normal nitro form, and cause substitution 
on the adjacent carbon atoms. 


CH;CH, N Cl, 
sCH, | t.0 Sunlight °C HsCICH:NO:+ HCl 
CH;CH=NO:H Ch i aa aa 
—_— 
Gg a 
——CH;CHCINO.+HCl 


Bromine reacts much more sluggishly than chlorine, 
and therefore it is not surprising that it preferentially 
adds across the double bond rather than substituting 


(Continued on page 88) 
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‘THERMODYNAMIC MEDIA. 






By RODMAN JENKINS, 2-47 


J ye research in thermodynamic media has 
searched for compounds with high boiling points 
and high heat stability. High boiling compounds are 
desirable for domestic and industrial heating systems 
in which the media are heated to a high temperature in 
a central furnace and then pumped to the points where 
heat is desired. High boiling compounds of more spe- 
cific vapor pressure are wanted for condensing vapor 
heating systems where accurate temperature control at 
high temperatures is important; their use eliminates 
high pressure ons, They are also wanted for use 
in heat engines because the high temperatures that they 
will take without developing excessive pressure bring 
increased efficiency. 

Some authorities believe domestic heating systems 
will be revolutionized in postwar days by the introduc- 
tion of tetra-cresy] silicate, which is to be commercially 
poonerre for this purpose in the near future. Near its 

oiling point (about 450°C.) it may be used in place 
of fire with much greater safety and convenience. 
Devices such as toasters, waffle irons, flatirons and 
maybe even bed-warmers will merely be plugged into 


Dowtherm vaporizer of 1,500,000 B.T.U. 
per hour capacity Fostér Wheeler Corporation 
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the wall and they will heat in a jiffy. No longer will 
we have to shiver as we grope into our clothes on a 
cold winter morning. A heater attached to one of these - 
systems will heat a room much faster than present ones 
because of its higher temperature. Because it is diffi- 
cult to use tetra-cresyl silicate in present-day equip- 
ment, most of its immediate use will be in new homes 
where the new equipment is being installed. It is ex- 
pected to be especially popular in apartment houses 
where central heating will mean even more economy. 

Another new heat-transfer medium has shown up 
about as well in industrial use as tetra-cresy] silicate is 
expected to in home use. It is a mixture of diphenyl 
and diphenyl oxide, known as Dowtherm A. In use it 
is vaporized in a boiler, which may supply the vapor to 
heat several units, pumped to a carefully measured 
pressure, and then ‘circulated through the unit. In 
condensing, it acts as one component system and gives 
up all its heat to the operation of the steam bath, which 
— the same function at lower temperatures. 

is careful control of temperature gives much-needed 
control over reactions. Most students are familiar with 
reactions which give poor yields when heated by direct 
flame but excellent yields on the steam bath. In the 
manufacture of certain plastics the introduction of this 
new heat-transfer medium has resulted in an increase 
of nearly twenty-five per cent in the yield. Ortho- 
dichlorobenzene, Dowtherm E, gives similar results at 
temperatures between those of Dowtherm A and steam. 
It has found considerable use in laundries. 

Engineers and researchers have long seen that 
mercury is one of the most practical substances for such 
uses. Under the auspices of the General Electric Co., 
a plant was built in Rancher, N. J., to put these theories 
into practice. A combination of a mercury engine and 
a regular steam engine developed power to run a large 
electric generator. When it was first put into operation, 
in 1933, it looked as though it would be a colossal flop. 
There was a greater conversion of heat into mechanical 
energy, but the costs of upkeep and gg were 80 
large that it was thought impracticable. The mercury 
would amalgamate with the iron in the engine, which 
weakened the pipes and blocked them with amalgam; 
thus not only was the engine stopped, but there was 
danger of a pipe bursting and releasing the searing, 
poisonous vapor into the plant. The plant engineers 
also had a hard time heating the mercury. Most of us 
have observed that the pes of contact between mer- 
cury and metals or glass is unusually large. This is due 


- to the small adhesive force involved. Thus it a peared 


almost as if there were a thin, invisible sheet of insula- 
tion between the mercury and the boiler. 

Recently, however, these major difficulties have been 
ironed out. By amalgamating certain other metals 


(Continued on page 95) 
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“THAT SINGULAR ANOMALY” 


By THE TECH COEDS 


Editor’s Note: Though a surprisingly large number of people are apparently unaware of the fact, Tech 
is annually blessed by the entrance of a small group of women students. And though some people would 
not care to put it in just those words, each class is really rather proud of its few coeds and takes a somewhat 
paternal (hmmm!) interest in those of the following classes. The coeds, while perhaps not reciprocating 
this interest, do make our classes a little less dull. M. I. T.’s women students, both past and present, have 
been a real asset to the Institute, and we are happy to have this opportunity to present them to our readers. 


A ee on earth are you doing here?” was the 
amazed comment with which a former high 
chool classmate greeted one of our coeds at a recent 
Freshman Camp rally. 

His choice of terrestrial regions to emphasize his 
remark was somewhat different from that we have indi- 
cated; but the incident serves, nevertheless, as a typical 
illustration of the deplorable fact that most people are 
unaware that Tech is a coeducational institution where 





virgines puerique suffer together the horrors of freshman 
physics. In fact, it is said that the greatest shock some 
of our more impressionable freshmen have comes when 
pad ra discover women in their classes. 

omen first invaded the masculine privacy of the 
Institute only three years after its founding when Ellen 
Richards entered Tech in 1871. Since Tech was form- 
erly a land grant college, she could not be refused 
admittance. because she was a woman. But Ellen 
Richards’ career at Tech and after 
her graduation helped to reduce any 
reluctance on the part of the faculty 
to admit women as students. She 
was married to an M. I. T. profes- 
sor, and was a pioneer in the field of 
sanitary engineering, writing exten- 
sively on her work. Up to her death 
in 1911, Ellen Richards continued 
her interest in Tech coeds, and was 
especially concerned with helping 
them to get a room of their own at 
the Institute. | 

From Ellen Richards’ time up to 
the turn of the century, the number 
of women students at Tech averaged 
about ten. Since then there has been 
an increase of about ten each decade. 
Statistics show that by far the ma- 
jority of them have been in Course 

II. The statistics up to 1940 are 
shown in the table on page 79. 
It is interesting to note the small 
rcentage of women students who 
ave gy tke de ag from the Insti- 
tute. Su cially it may appear 
that sg the coeds are cable 
to “make the grade.” Actually, it 
should be remembered that a con- 
siderable number of them have been 
special students, and were not work- 
ing for degrees. Many who have 
not received degrees from Tech have 
received them elsewhere. 

In the early days, the majority 
of women students studied in 
Courses IV (Architecture and City 
Planning) and VII (Biology). Later 
a larger number studied chemistry. 
Today there are more coeds in engi- 


“‘, . . Fully equipped kitchen’’ 
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neering and the sciences, with a predominance of grad- 
uate students in the science courses. 

There have been many well-known women gradu- 
ates of Tech; a few are especially worthy of note. Edith 
Clarke, was the first woman elected to membership in 
the American Institute of Electrical Engineers. A num- 
ber of alumnae have headed science departments at 
various colleges; one is Dorothy Weeks, head of the 

hysics department at Wilson College for Women. 
her well-known alumnae are Frances Clark, who re- 
ceived the S.M. and Sc.D. degrees from Tech and is a 
professor at Stephens College, and Mabel M. Rockwell, 
who is a production and research engineer for Lockheed 
Aircraft, besides being a wife and the mother of two 
children. 

As early as 1894, M. I. T. coeds had a room of their 
own at the Institute —a tiny cubby-hole with one 
rocking chair and little else in way of comfort and con- 
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“* ... After hours”’ Staff photo 
venience. Later they had larger quarters in the old 
Rogers Building, with a sink, lockers, some old sofas, 
and, it might be added, the dubious companionship of 
numberless cockroaches. When Tech came to Cam- 
bridge, the coeds moved into the Alice Maclaurin 
Room, named in honor of the wife of the Institute’s 
second president. This room was pleasant and dignified; 
it included such conveniences as lockers, and even a 
kitchen where the girls could prepare their meals. The 
Alice Maclaurin room is now a part of the Emma 
: Rogers Room, used by the Tech- 
nology Matrons and Dames. 
ith the increased number of 
coeds, the Maclaurin Room became 
too small. The Margaret Cheney 
Room was therefore built and, in 
1939, was first inhabited by the 
coeds. This beautiful suite of rooms 
was given to the girls as a memorial 
to Margaret Swan Cheney, ’82, by 
her family. This suite, located on 
the third floor of building three, con- 
sists of five attractively furnished 
rooms: study, living room, kitchen, 
locker room, and sleeping room. 
The Cheney Room forms the 
center of the coed’s life. The suite 
is in use from early morning until 
ten or eleven at night. Here, daily, 
friendly pow-wows and card games 
are held (plus an occasional bit of 
studying). The piano in the living 


(Continued on page 94) 
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BAKELITE—PIONEER IN PLASTICS 






By EDWIN A. SCHLANG, 6-46 


HENOL-FORMALDEHYDE resins, the most im- 
portant of the resins now being produced, are well- 
known to the public under their familiar trade name, 
“Bakelite.” It was back in 1909 that Dr. Leo Baekeland, 
seeking a practical synthetic resin, brought phenol and 
formaldehyde together under a high pressure and tem- 
rature to produce the first useful synthetic resin ever 
awe — the product which we now call “Bakelite.” 
The past quarter of a century has seen an endless flow 
of energy and money into the study of this startling 
reaction between those two common antiseptics. It has 
witnessed numerous variations in the relative quanti- 
ties of the two reacting constituents and innumerable 
experiments with different types of catalysts to produce 
resins of widely diverse properties. Though it was 
found that most of these resins were insoluble and infu- 
sible, experiments showed that by using lesser quantities 
of formaldehyde and a lower pressure and temperature, 
polymers, large molecules which are built up by linkage 
of single molecules identical in chemical composition, 
that were both soluble and fusible could be produced. 
By using an alkaline catalyst, the simplest reaction 
product of phenol and formaldehyde, sali- 
OH genin (1) could be formed at ordinary room 
CH20H temperatures. As a general rule, the cat- 
alyst served to control the primary con- 
densation of phenol and formaldehyde 
: while the high pressure and temperature 
Fig-I were necessary for the final condensation 
to the insoluble resin. Condensation is here defined as 
the reaction by which molecules are linked together 
with the accompanying elimination of elements like 
hydrogen or of molecules such as water. 


Before we can begin to understand OH 
the basic reaction in the synthesis of | 
Bakelite we must be certain that we Cc 


understand what is meant by a phenol 

and an aldehyde. To ie with, a at Nee 

phenol is nothing more than a com- 

pound containing an OH group attached | | | 

to a benzene ring. Fortunately the HC CH 

ao which concerns us here has the \ Fs 

ollowing relatively simple structural C 

formula: (2) H 
For the sake of convenience, we will Fig. 2 

hereafter eranent the benzene ring by 


' the six-sided figure (3). An aldehyde on the other hand 
is simply a compound containing the group (4), and the 
| H 
=O 
Fig. 3 Fig. 4 Fig. 5 


specific aldehyde concerning us here, formaldehyde, is 
of the structure (5) or simply CH,O. 
The initial step in the condensation process is the 


H OH 
+CH,0 —> CH30H 


Fig. 6 





formation of phenol mono-alcohols by the reaction (6). 

If instead of using equimolar amounts of phenol and 
formaldehyde, two mols of formaldehyde were used for 
every mol of phenol, dialcohols instead of mono-alco- 


hols would be formed. (7) - 
H OH 


+2CH,0-~> CH20H 


CH20H 
Fig. 7 


Further condensation is undergone by these sali- 
genin molecules in the following manner: (8) 


OH OH OH 
CH20H CHa0H —CHe— 

+ 
Fig. 8 


_—_ 
It is reasonable to assume that a linear condensa- 
tion product is first formed of the type: (9 


) 
> ae se 
Siete ¢piou $2 


Fig. 9 


Such linear structures are characteristic of the ther- 
moplastic resins which can be softened by reheating 
and can be remelted and thus remolded indefinitely. 
If, however, sufficient formaldehyde is present, and 
additional heat is supplied, these linear chains would 
unite and we would es cross linking. (10) . 


H 
CH20H 
+ Ha 


H 
P 


? 
>— CHa Carel I Ha—< 


| 
Che ! H> 


| | 
>—c —" (im Ha—< 
Fig. 10 


Insolubility and infusibility are not reached, how- 
ever, until a considerable number of cross linkages are 
set up. The separation of the resin from the water 
formed in the reaction is a simple process as long as the 
resin remains nis gt insoluble. The final condensa- 
tion product is. what we call thermosetting, that is, it 
sets on the application of heat and cannot be softened 
by reheating nor can it be remelted. 

Continued on page 92) 
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YEAST IN NUTRITION 


By SANFORD M. SIEGEL, 2-48 


| eer: thousands of years man has utilized the process 
of fermentation to supply him with many things, 
from foods such as cheese to beverages as wine or beer. 
This valuable process is carried on by a class of micro- 
organisms known as yeasts. These are members of the 
fungus families, which is common as the mold one sees 
on spoiled foods. These minute organisms may be con- 
sidered to be one of the most important allies of modern 
industry because of the tremendous number of applica- 
tions of yeast cells to technical processes. Here, how- 
ever, only the uses of yeast in connection with human 
nutrition are to be considered. 

It has long been known that beer has a high nutri- 
tional value, but it is also true that in the past the basic 
nutritive element, the yeast cells themselves, were a 
waste product because of no cheap and large scale 
mothel to utilize the cells or their products. Many 
uses for the cells were proposed, among them manufac- 
ture of soap, a-coffee substitute, cattle-feed, and medic- 
inal use. Although some favorable results were forth- 


i Bis 


coming, no real progress was possible due to the expense 
entailed, for one reason, and more important, because 
of the presence in yeast of extremely bitter hop-resins, 
making it unpalatable. Much of this work done in the 
late nineteenth century was “‘pigeonholed,” put away 
for future reference, and might have so remained to this 
day had not World War I brought serious nation-wide 
nutritional problems. 

As is noted above, the cost and taste of yeast-con- 
centrate were barriers in its use, and remained so until 
war broke out in 1914. At that time Germany, having 
been cut off from her imports of stockfeed, launched 
research projects endeavoring to find a practical process 
for producing feed from yeast concentrates. Through- 
out the first year of war little was forthcoming in the 
way of positive results. German scientists disclosed a 
laboratory method for the production of yeast-protein 
concentrates by use of inorganic nitrogen. The process 
consisted of growing yeast in worts, or nutrient solu- 
tions containing sugars, in the presence of ammonium 


Apparatus for yeast protein synthesis from molasses, Food Technology Laboratory, MIT Staff photo 

























salts. The process was not economical because of the 
low rate of protein synthesis and complexity of the 
operations involved. In 1915, however, definite positive 
results were announced when a new species of yeast, the 
Torula family, was used to accomplish the synthesis. 
The merit of the Torula family lies in the fact that this 
species produces very little alcohol in the process of 
fermentation and grows well in the absence of organic 
nitrogen, being able to utilize inorganic ammonium 
salts to an entirely large degree. An assay of the digesti- 
bility of this mineral yeast, as it was called, showed it 
to be of a very high order. The nutritive value was 
also found to be high. Due to this work, the end of the 
war brought a renewed interest in yeast-protein. con- 
centrates, not only in connection with livestock, but in 
connection with human nutrition and dietetics as well. 

Experimental work done after World War I showed 
that rats, and other laboratory animals thrived on a 
diet where the only source of protein was yeast con- 
centrate nutrients. It was also found that the protein 
of brewers’ yeast was only slightly inferior to the protein 
of high grade meat. As far as the vitamin content is 
concerned, research of the last twenty years has shown 
that yeast concentrates are the most potent source of 
the water-soluble B-vitamins, all-important in human 
nutrition. This is due to the ability of the micro- 
organisms to produce the water-soluble members of the 
B-complex synthetically, if given carbohydrates such 
as glucose or fructose, simple sugars, to feed on. 

So successful has this research been that British 
interests have erected pilot plants on the island of 
Jamaica in the Caribbean sugar belt. These plants are 
of an experimental nature to the extent that they will 
determine the practicability of manufacturing yeast- 
protein concentrates on a large scale for human con- 
sumption. At present, the protein food is being given 
the natives of the island, who suffer from malnutrition, 
protein as well as vitamin deficiency. The nutrient 
solution is molasses, one of the biggest products of the 
countries of the Caribbean. The setting, therefore, is 
ideal, the raw material for yeast nutrition being at hand, 
and natives suffering from protein and vitamin defici- 
ency present. The Jamaica process consists of growing 
the yeast cells in a nutrient solution of molasses, am- 
monium salts, and phosphates. When the growth- 
period is at its end, the cells are washed with water in 
a yeast separator. A suspension of yeast cells is thus 
formed. This suspension is passed over drying rollers, 
moderately heated, till the resultant product, a light, 
straw-colored, flaky substance, is formed. During the 
course of the process, the heat of drying affects the yeast 
in such a way as to impart to it a nut-like or meat-like 
flavor. The quantity deemed necessary to supply pro- 
tein and vitamins to the natives is approximately one- 
half ounce. This alone speaks for the potency of the 
concentrate; however, its principle use will be as a 
supplement to other foods, not an absolute substitute. 
It may be noted that in early years, prior to the com- 
ing of missionaries. to the islands, the natives drank 
large quantities of fermented beverages. These bever- 
ages were unpasteurized and wailsored. thereby contain- 
ing large quantities of yeast cells. At that time, mal- 
nutrition was much less prevalent. When missionaries 
succeeded in eliminating alcoholic drinks from the 
natives’ diets, they also brought on, even if uninten- 
tionally, deficiency diseases to a greater extent than 
before. 

Here at M. I. T., in the Food Technology Labora- 
tories, work on yeast-protein concentrates has been 
done during the past few years. The process used to 
synthesize yeast-proteins is similar to the British proc- 
ess, but on a laboratory scale, however. This method of 
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production consists of growing yeast cultures in nutri- 
ent solutions of sugars and inorganic salts. In the first 
step, the molasses is sterilized and purified by auto- 
claving and sedimentation. When the impurities have 
settled, the nutrient-molasses is drawn off from the 
surface to prevent the impurities from being taken with 
the solution. The wort is then prepared by dilution of 
this solution and the addition of mineral salts. These 
mineral salts are potassium monohydrogen phosphate, 
K:HPO,;, and ammonium sulfate, (NH,4)2SO,, which 
supply phosphorus and inorganic nitrogen respectively. 
These two elements, in combmmation with carbon, hydro- 
gen, oxygen, and sometimes sulfur, constitute the heavy 
protein molecule. The carbon, hydrogen, and oxygen 
are supplied by the carbohydrates contained in the 
molasses. After the wort is prepared, seeding yeast is 
added, followed by the addition of ammonium hydrox- 
ide. The ammonium hydroxide has an extremely essen- 
tial role in the process, being added to control the pH 
of the culture medium, or nutrient solution, in which 
the yeast is grown. These precautions about pH are 
taken because the yeast he decrease in efficiency as 
the hydrogen ion concentration of the solution makes 
it increasingly acidic, that is, as the pH approaches 
zero. When the pH drops very much below 4.0, the 
yeast cells become dormant, thus causing the synthesis 
to halt. It has been found that the optimum range for 
the yeast cells to function in is between 4.0 and 5.0. 
It is the function of the ammonium hydroxide to main- 
tain that range. Another vital factor in the process is 
aeration. Oxygen is necessary, of course, since the proc- 
ess is based on the partial oxidation of the sugars. *The 
aeration must continue for a great number of hours in 
order to insure a maximum yield. After the process has 
been initiated, additional wort is added to the ferment- 
ing vessel to maintain an adequate supply of carbo- 
hydrate-mineral nutrients. 

The process may be traced by referring to the 
accompanying photograph of the laboratory set-up. 
In the center, the fermentation bottle may be seen. 
All other equipment may be said to be “aimed” toward 
this'vessel. In it the actual transformation of the wort 
to protein takes place. At the left on the ringstand 
there is a small bottle containing the concentrated 
wort. It is connected to the fermenter by tubes through 
which the additional nutrient is introduced at caret. 
On the far right hand side, a tube which is connected 
to the oxygen supply also leads into the fermenter. 
The oxygen or air, as the case may be, is introduced 
by means of a diffusor. This enables the yeast culture 
to be uniformly aerated by distributing the gas through- 
out the mixture. Slightly to the right and above the 
fermenter, a defoaming apparatus is placed. This is a 
special container filled with mineral oil. Its function is 
to prevent the carbon dioxide formed from rising and 
impairing the process. Not clearly visible in the photo- 
graph is the manometer which maintains a constant 
pressure in the vessel. The operation, therefore pro- 
ceeds from left to center and right to center, with the 
intermittent flow of the wort and the almost continuous 
flow of oxygen. During the.course of the reaction, 
hourly recordings of data were taken from samples 
drawn from the fermenter. Some of these may be 
tabulated as follows: 

At the end of the reaction, the yeast-nutrient mix- 
ture is centrifuged, separating the yeast-protein. The 
concentrate is then dried. 

As was mentioned before, one of the barriers to 
yeast-protein consumption was the bitter taste im- 
parted by hop resins. A general method—for debit- 
tering yeast which is now employed consists of treating 
(Continued on page 104) 
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PULL-OUT OF A 


SYNCHRONOUS MOTOR 


ELECTRICAL APPLICATION OF THE POINCARE PLANE 


Based on a recent talk given by Pror. Norman Levinson before the M.I.T. Mathematical Society 


Definition: A synchronous motor has a normal operating 
speed exactly proportional to the frequency of the 
applied voltage. 


F there are 3-phase windings distributed about the 

machine in the usual manner, the flux variation 
with time and space results in a rotating magnetic 
field. The rotor has magnetic poles maintained by 
direct current. Hence the rotor magnetic field “locks 
on” to the rotating magnetic field of the stator first 
mentioned, and the rotor revolves at synchronous speed. 
However, due to losses in the machine, the rotor lags 
behind the stator field with a constant angle which 
depends upon the load. 

If a load is suddenly impressed upon the machine, 
this lag angle will immediately ss a‘new equi- 
librium position, but the new position may be achieved 
only after an oscillation about it; on the other hand, 
the rotor may swing past the new position in such a 
manner that it does not oscillate, but continues to lag 
the stator field farther and farther. The result of this 
“pull-out” phenomenon is, of course, the stopping of 
the machine. 

Our problem, then, is this: Given the final lag angle, 
what is the least value the original lag angle may have 
without incurring “pull-out” of the motor? Professor 
Edgerton first designed the stroboscope at the Insti- 
tute some years ago for the purpose of investigatin 
this problem experimentally. Professors Lyon an 
Edgerton also investigated the problem analytically 
using the differential analyser. The equation of motion 
of the rotor with respect to the stator field is 


d?6 
dt? 


where 6 is in electrical radians (electrical radians = 
mechanical radians divided by the number of pole 
pairs). Note that this equation is the same as that of 
the pendulum. The first term is the 
inertial term, the second the “‘flux- 
loss” term, the third the “restorin 
moment” term, and the right han 
member is proportional to the 
torque. 

enoting the final lag angle by 
6 and original lag angles by 6 and 
62, consider Figure 1. Note that all 
9 vs. t curves start with zero slope, 
since the original relative speed is in 
all cases zero. In the case of startin 
at 0, the original angle is so sma 
that the motor pulls out; while when 
starting at 92, there is but a brief 
oscillation before equilibrium is 
reached. It is desired to find % such 
that the machine just fails to “‘pull- 
out.” This can be found by trial 
and error, of course, but the mathe- 


Figure 1 


+h +sin 0=G (1) 
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matical consequences of an analytical solution are 
a interesting. The treatment of the problem that 
ollows was contained in a comprehensive paper pub- 
lished in 1939 by the Russian engineer M. Viator. 


Letting 


win” (2) 
we may rewrite (1) as follows: 
a 
te kw+G (3) 
Combining (2) and (3), we have: 
dw _ _sin 6G 


Now we construct an w vs. 0, or Poincare, plane, with t 
as a parameter. At every point of this Soa there is 
a certain associated direction determined by (4) except 
for the points where the time derivatives of w and 6 
are zero. Such points are singular points, and are 
extremely important in this analysis. By (3), at the 
singular points 


sin 0=G (5) 
Since we are not considering values of @ greater than x 


electrical radians, there are but two solutions (5). If 
6. is the smaller of the two and 6, the larger, then 


0.= 2 scene 6. (6) 


Thus 6, and 6, are the designations of the singular 
points, and are called the “system equilibrium points,” 
since in the steady state case (5) also holds. 
If we consider that the curves in the w—6@ plane are 
linear near the singular points, the following Taylor 
(Continued on page 96) 


































Steam laboratory, 
M.1I.T. Staff photo 





| THE TECH ENGINEERING NEWS 


MANAGING BOARD 


Ricuarp A. CLEVELAND, 2-417 
Business Manager 


Maurice Rirk1n, 2-47 


Srpney L. Saitn, Jr., 2-47 
Advertising Manager 


Editor-in-Chief 


Louis B. WapbEL, 2—16 


General Manager 


JUNIOR BOARD 
Henry L. Ler, 2-47 Joun W. WEL, 10-47 Marvin W. SwEENEY, 2-47 
Literary Editor Make-Up Editor Personnel Manager 


MELvin B. Z1sFeE1n, 10—46 
Photography Editor 


Niro LINDGREN, 2-47 
Circulation Manager 


DonaLp DeWirr, 2-47 
Publications Editor 


STAFF 


WitiiaM C. Nemitz, Jr., 2-48 Natuan SoKAL, 2-48 
JosePH J. Parapiso, 2—48 . Leonarp J. StuTMAN, 2-47 
Ricuarp W: Parks, 2-48 Tuomas G. SwaLtow, 10-47 
Louis RasmMussENn, 2-48 KENNETH WIBERG, 2-48 
SANForRD M. SIEGEL, 2-48 JoserH YAMRON, 2-48 
ALVIN SITEMAN, 2-48 Ra.puH Zito, 2-48 


Epwarp M. Kosower, 2-48 
ALFRED KeEnRrIcK, 2-48 

F. FausteEn Mark, 2-47 
LEON Mark, 2-48 

Joun E. MaxFiExp, 2-47 
Epna E. Mutter, 2-48 


Norton Baron, 2-48 
Ratpu H. Berman, 2-46 
Joun A. ContTecnt, 2-47 
G. J. Frassineui, 2-48 

F. C. HaLttowE tt, Jr., 2-48 
Frank J. Hecerr, Jr., 2-47 
Martin Kaptan, 2-48 


MEMBER ENGINEERING COLLEGE MAGAZINES ASSOCIATED 





Chairman 
James W. Ramsey 


Tennessee Eastman Corporation 
Oak Ridge, Tenn. 


Advertising Representative 
LittEtt Murray Barnuitt, Inc. 
101 Park Avenue, New York 
605 North Michigan Avenue, Chicago 





ECONOMIC JUSTICE... 


For almost two years the issue of whether or not we 
are to have a permanent Fair Employment Practice 
Commission has been before our law-makers in Wash- 
ington. The record of the various manipulations, post- 
ponements, and Congressional complications to which 
the bills for a permanent FEPC have been subjected 
is an indictment alike of the hesitant progress our 
nation has madetoward a practical actuation of its 
democratic ideals, and of the cumbrous and sometimes 
extremely un-democratic processes by which our legis- 
lative machinery functions. 

The bill itself, first introduced in the House of 
Representatives in January of last year, is intended to 
ide a permanent, Congressionally-supervised com- 
mission of the President’s Committee on Fair Employ- 
ment Practice established by an Executive Order of 
President Roosevelt in June of 1941. The purpose of 
this committee is to eliminate discrimination in employ- 
ment on the grounds of “race, color, creed, national 
origin or ancestry.” 

The President’s FEPC was created originally 
simply to ensure full utilization of the nation’s man- 
power in wartime employment, and it has met with 
impressive success in its efforts despite the absence of 
legal backing or authority to enforce its orders. A 
similar commission, but with enforcement powers, has 
been functioning successfully for some time now on a 
state-wide basis in New York, where the legislature, 
under the guidance of Governor Dewey, has set an 
example that the entire nation would do well to follow. 

The measures to make the President’s Committee 
permanent, and to give it enforcement powers, were 
introduced in both houses of the 78th Congress, referred 
to the equivalent Committees on Labor, and reported 
out favorably by both committees late in the session. 
Hence, when Congress went home for the Christmas 
recess, among much other unfinished business remained 


the bills for a permanent FEPC. However, the bills 
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were reintroduced immediately into the 79th Congress 
under the leadership in the House of Congressman 
Charles M. LaFollette (R., Ind.) and in the Senate of 
Senator Dennis Chavez (D., N. M.). The House bill, 
under bi-partisan sponsorship, was introduced by more 
than a dozen Representatives, while the Senate bill 
also has seven co-sponsors. This is one of the largest 
groups of Democratic and Republican Congressmen 
that ever joined in sponsoring a single piece of legisla- 
tion. 

Again the bills received the endorsement of a large 
majority of the members of the committees to which 
they were referred. The House bill, H.R. 2232, was 
referred to the Rules Committee which determines 
which measures should be placed for consideration 
before the House. Here, a bloc of Southerners, whose 
representation on the Rules Committee is far out of 
proportion to their over-all number in the House, has 
prevented our Representatives from even debating the 
measure by tying the Committee’s vote and refusin 
to grant the required rule. This in the face of a specia 
message from President Harry Truman stating his 
belief that “Discrimination in the matter of employ- 
ment against opens qualified persons because of their 
race, creed, or color is not only un-American in nature, 
but will lead eventually to industrial strife and unrest. 
The principle and policy of fair employment practice 
should be established permanently as a part of our 
national law.” 

In addition to the open support of our President 
and many of our other political leaders, the bill is 
strongly backed by national and community groups of 
all kinds — labor unions, church and civic organiza- 
tions, and social groups of many sorts. Numerous 
editorials, articles, speeches have already been made 
calling for this legislation; and -the flood of letters 
and telegrams received by our legislatorsfrom groups 
and individuals all over the country seems to indicate 


(Continued on page 94) 
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O bigger than a five-grain aspirin tablet 

—that’s the size of a new non-linear 

coil, specially designed so that an FM trans- 

mitter and receiver might fit into the 
cramped interior of a tank! 

This mighty midget that does the work 
of four vacuum tubes and two tuned circuits 
was developed by Bell Telephone Labora- 
tories—and constituted a real challenge to 
the manufacturing engineers of Western 
Electric. Besides being the smallest toroidal 
coil ever produced for electronic equipment, 
the materials used were of the most delicate. 

The core of the tiny doughnut-shaped 
coil consists of a small ceramic form wound 
with permalloy tape 3/32nds of an inch 
wide and in thickness about 1/20th the 
diameter of a human hair. The problem was 
how to wind 1/50th of a gram of this fragile 
tape around each core, and then to wind 
fine wire around the taped form. . 


...lo do a man-size job! 


Western Electric engineers discovered 
that a standard coil winding machine could 
be adapted for wrapping the foil-like tape 
around the form. However, when it came 
to applying the required forty turns of wire, 
they found that the only effective method 
was to have the wire sewn by hand around 
the minute core through the hole in the 
center . . . in much the same way that a 
seamstress sews around a buttonhole! 

This system efficiently met military pro- 
duction demands---to the tune of over 
100,000 units. It was just one of many far- 
reaching, interesting assignments mastered 
by radio, electrical, mechanical and in- 
dustrial engineers at Western Electric. Now 
these combined production skills are once 
more dedicated to Western Electric’s 63 
year old job as supply unit of the Bell 
Telephone System. 


Buy Victory Bonds — and keep them! 


Western Electric 


SOURCE OF SUPPLY FOR THE BELL TELEPHONE SYSTEM 
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the nitroparaffins are rapidly attaining wide usage in 
many industries. 


vents. Assolvents, they havea strong 
solvent action on many organic 
substances and have the advan- 
tage of being medium-boiling. In 
cellulose acetate solutions, the nitro- 
paraffins offer high tolerance for 
dilutents and favorable viscosity 
characteristics. For the first time, 
it is possible to prepare a cellulose 
acetate lacquer having the good flow 
and rapid hardening characteristics 
of high-grade nitrocellulose lac- 
quers. Cellulose triacetate, up to 
recent times, had been rather infre- 
quently used in spite of its excel- 
lent film properties from lacquers. 
The only effective solvents had been 
highly chlorinated, toxic hydro- 
carbons. It has been found that a 
good deal of the former solvents 
could be replaced by the nitropar- 
affins, reducing the toxicity of the 
mixtures. The nitroparaffins can 
serve as solvents for vinyl] resins, 
cellulose acetobutyrate, cellulose 
nitrate, and other common lacquer 
bases. They are also solvents for a 
wide variety of organic chemicals, 
offering possibilities for reaction 
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2-Nitro-2-methyl-l-propanol has the property of 
ee 6 being an excellent heat sensitizer for latex. Latex 
(Continued from page 76) mixes can be stored for periods of time, and then gelled 

as desired between 80-90°C. Other nitroparaffin deriva- 
into the molecule, and therefore it is much harder to __ tives such as the chloro-compounds, have been finding 


repress the reaction with the aci-nitro form. use in the rubber industry as rubber cement stabilizers, 
In many of the varied forms, the nitroparaffins will rubber solvents, and sensitizers. 
prove a useful tool for synthetic work. However, from The aminohydroxy compounds are being used gen- 


erally as emulsifying agents. A 
stable emulsion of paraffin and water 
can be prepared with Tris(hy- 
droxymethyl) aminomethane. Other 
industries in which these deriva- 
tives are used include the cosmetics, 
polish and cleaners, and brushless 
shaving cream manufactories. 

We have passed rather briefly 
over a really large section of the 


story of the nitroparaffins in our 


efforts to bring out more clearly the 
chemical relationships of these com- 
pounds. The industrial uses are 
discussed more completely in some 
of the references listed in the bibli- 
ography. These compounds hold 
forth startling visions of a new 
field. As their manufacturers, Com- 
mercial Solvents probably came a 
bit closer to the mark with their 
emphasis on the fact that the nitro- 
season are opening “New Worlds 
or Chemical Exploration!” 
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Figure I Nitroparaffins, Chemical Reviews, 32, 373- 
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the industrial and, perhaps, the engineer’s standpoint, 2. The Nitroparaffins, Commercial Solvents Corporation. 


3. A. W. Campbell, J. W. Burns, India Rubber World, 
The nitroparaffins themselves are used widely as sol- November, 1942. 








and purification processes. Still kettles, first floor of NP derivatives plant 
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CA’s role in RADAR 


~ The story of Radar—the magic beam that enabled 


the United States Navy to sink a Jap battleship 
eight miles away at night . . . that helped save 
England in her darkest hours by detecting enemy 
planes . . . that automatically aims guns and detects 


submarines . . . this whole story is now officially released. 


RCA takes this opportunity to congratulate the Office of 
Scientific Research and Development, the Army and Navy re- 
search laboratories and all other elements of the radio industry 

for their splendid work in so perfecting Radar that it became 
one of our most powerful weapons in winning the war. 


Radar’s contributions in peacetime will be equally as great... in 
making private and commercial flying even safer . . . in detecting 
obstacles at sea... and in hundreds of other ways yet to be discovered. 


As for our part in this great effort, we here list the major developments in Radar made by RCA 


1932—RCA Laboratories originated micro-wave equipment, 
which later was used in successful radar experiments. 


1934—Echoes were obtained with micro-wave equipment 
set up near Sandy Hook. This experiment showed for the 
first time the potentialities of micro-wave radar. 


1935—An experimental micro-wave pulse radar system was 
developed by RCA Laboratories. It was demonstrated to the 
Army and Navy in 1936. 


1936—A lower frequency high power radar was supplied to 
the Army by RCA. 


1937—RCA micro-wave radar was used to scan the Phila- 
delphia skyline with cathode ray indication essentially the 
same used in today’s newest radar sets. 


1937—RCA developed an airborne pulse radar. This equip- 
ment operated very satisfactorily for detecting obstacles such 
as mountains, and was also invaluable as an altimeter. It 
was demonstrated to the Army and Navy in 1937, and at 
their request was classified as ‘‘secret.”’ 


1938—RCA started development of a practical altimeter 
employing FM principles. This and the RCA pulse altimeter 
later became standard equipment for the Army, Navy, and 
the British. A large quantity of altimeters of these types have 
been manufactured for controlling the height of paratroop 
planes at the time of jumping, for use in bombing enemy 
ships, and for other military purposes. 

1938-9—RCA Victor manufactured the first radar equipment 
purchased by the Navy. 

1939-40—Twenty high-power sets, based on the Navy's 
design, were developed and installed by RCA Victor in the 
Navy’s important vessels. 

1940—RCA developed and built radar apparatus which was 
especially suited for use on destroyers, and apparatus de- 
signed especially for submarines. These equipments were 
among the earliest procured by the Navy, and have proved 
very successful. 


Radio Corporation of America 


30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 


1940—Experience in the manufacture of vacuum tubes 
made it possible for RCA Victor to be the first and only 
manufacturer in the United States to produce a radar tube 
developed in England. RCA also produces many other types 
of radar tubes, including the cathode ray tubes of which RCA 
is largest manufacturer in the world. RCA’s unchallenged 
leadership in cathode ray tubes for radar was made possible 
by extensive developments in television, since television, too, 
requires high quality cathode ray tubes. 


1941—RCA Victor supplied receivers and indicators for the 
type of radar then used by the Army. 


1942—Loran, a system of long-range navigation, was manu- 
factured by several firms, but difficulties were encountered 
because of size and weight of the receiver. In 1942 RCA 
Laboratories undertook the design of a simplified, compact 
receiver, and achieved such success that large quantities were 
ordered from RCA Victor and from other firms instructed 
in RCA’s design, and other types were discontinued. 


Some of RCA developments are of major importance in de- 
velopments of other concerns engaged in radar manufacture. 


RCA gave complete design and instruction to other firms 
in altimeters, tail warning devices, bombing devices, tubes, 
Loran receivers and other radar equipment designed and 
developed by RCA. 


Several hundred RCA specialists were abroad during the 
war servicing radar and communication services for Army and 
Navy equipment made by RCA and other firms. 

RCA was represented on the National Defense Research 
Committee and on other government technical committees 
On war activities. 

RCA engineers have been loaned to government labora- 
tories for special radar projects. 


RCA has co-operated with England in radar projects. 





































Massachusetts Institute of Technology 
CAMBRIDGE, MASSACHUSETTS | 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
offers the following Professional Courses: 


SCHOOL OF ARCHITECTURE 
City Planning City Planning Practice 


SCHOOL OF SCIENCE 
Mathematics 


Architecture 


Chemistry 


Food Technology 
Food Technology — Five Year Course 
General Science 


Options: Pure and Applied Mathematics 
Industrial Statistics 


Physical Biology 
Physics 


Quantitative Biology 


SCHOOL OF ENGINEERING 


General Engineering 

Marine Transportation 

Mechanical Engineering 

Options: General Mechanical 
Engineering 

Engineering Science 
Automotive Engineering 

Mechanical Engineering — 
Co-operative Course 


Geology 


Aeronautical Engineering 
Building Engineering and Construction 
Options: Heavy Construction 
Light Construction 
Business and Engineering Administration 


Courses: Based on Physical Sciences 
Based on Chemical Sciences 


Chemical Engineering 

Chemical Engineering Practice 

Civil Engineering 

Electrical Engineering 

Options: Electric Power 

Illumination Engineering 
Electrical Communications 
Electronic Applications 

Electrical Engineering — 
Co-operative Course 


Metallurgy 
Options: Metallurgy 
Mineral Dressing 
Meteorology 
Naval Architecture and Marine 
Engineering 


The duration of each of the above undergraduate Courses is four academic years, 
with the exception of Architecture, Food Technology (Five Year Course), Physical 
Biology, and the co-operative Courses in Electrical Engineering and in Mechanical 
Engineering, which extend over a period of five years, and City Planning Practice 
which covérs a period of six years. In addition to the Bachelor’s degree, the above 
five and six year Courses, with the exception of Architecture, lead also to the Master’s 
degree. 

Graduate study, leading to the Master’s and Doctor's degrees, is offered in Ceramics 
and in most of the above professional Courses. 

A five year Course is offered which combines study in Engineering or Science, 
and Economics. This leads to the degree of Bachelor of Science in the professional field, 
and to the degree of Master of Science in Economics and Engineering or Economics 
and Natural Science. 


For information about admission, communicate with the Director of Admissions. 


The Catalogue for the academic 
year will be sent free on request. 
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AS A FIGHTING MAN he was technically known as A goodly proportion of such skilled personnel 
flight operations director on a carrier...supervised will surely find their way into peacetime aviation. 
take-offs and landings. His signals had to be obeyed, Plane factories, office detail, ship servicing and air- 


... but more important, they had to be right! ) ports operations will offer natural opportunities for 
Every fighting flat-top on the seas has its com- men who “went to school as they went to war.” 
plement of such highly-trained men ... technicians, Backed up by war-proven men like the “traffic 
mechanics, pilots. , cop on Hell’s Half Acre” the future of private and 


Today, in men like these lies the bright future of | commercial flying is made doubly-great! 


American peacetime aviation! 


Traffic Cop...on Hell’s Half-Acre 








FOR OVER FORTY YEARS Esso has pioneered in aviation 
fuels and lubricants. We’ve developed over 129 special 
products for the Army and Navy Air Forces ... fuels 
and lubricants that function dependably in the heat 

of the sun-baked desert and in the deadly cold above 
Arctic clouds. The world’s largest petroleum laboratories 


AVIATION PRODUCTS 
SOLD IN THE 25 STATES INDICATED 


romrmesereso cme 


support our promise that “You can always depend on 
Esso Aviation Products.” 


STANDARD OIL COMPANY OF PENNSYLVANIA 


















lie engineering student will be interested in this Okonite | 
research publication* giving data in connection with carrying 
greater emergency loads on power cables. Write for your copy 
of Bullen OK-1017. The Okonite Company, Passaic, N. J. 


*By R. J. Wiseman, chief engineer of The Okonite Co., 
— before a joint meeting of the Missouri Valle 
lectrical Association and Southwest District A.1.E.E. 


OKONITES 
INSULATED WIRES AND CABLES 


BAKELITE 
(Continued from page 80) 


In practice, the reaction between phenol and formal- 
dehyde is carried out in a steam jacketed digestor with 
a fairly large capacity. A charge consisting of equal 
volumes of phenol and formaldehyde (37 per cent solu- 
tion), totalling about 500 gallons, is idasodnnsd into the 
cold digestor along with 0.1 per cent hydrochloric acid 
or ammonia as a catalyst. Since, however, we have 
steam available to produce high temperatures, the use 
of the acid catalyst predominates in industry. The 
digestor is then tightly closed and steam is passed 
through the jacket of the still to start the reaction by 
raising the temperature to roughly 200°F. At this 
point we have acai the first reaction product (11), 
a viscous material which is soluble in alcohol, acetone, 
and phenol. 


OH OH OH 
> wi Ree “( CHa —< 


Fig. 11 


The reaction is exothermic and the temperature is 
held constant by circulating cold water through the 
outer facket. After about two hours, further reaction 
produces a product of high molecular weight which is 
ai) at room temperatures and completely insoluble. 
(12 

The additional heating hardens the material into an 
infusible, insoluble resin with the cross linkages shown 
previously. The water is then evaporated under vacuum 
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since evaporation will proceed more rapidly when the 
vapor pressure of the solution exceeds the pressure of 
the surroundings, By removing the water, we thus 
make possible further linkage of the molecules accord- 
ing to the law of mass action and due also to the fact 
that water very often acts as a negative catalyst (slows 
down rate of reaction). The resin is then drawn off into 
shallow trays and cooled rapidly to an amber-colored 
solid. It is then mixed with fillers, pigments, and mold 
lubricants, which bring the resin to a viscous but still 
fusible state; continuation of this treatment varies with 
the degree of plasticity desired. The resin is then 
ground in ball mills and the subsequent specific treat- 
ment depends solely on its ultimate use. The choice of 
the filler largely determines the final properties of the 
resin; for example, asbestos fillers will increase the heat, 
chemical, and water resistance but will lessen the im- 
pact strength of the resin. Fabric fillers, on the other 
hand, will increase the impact strength but lower the 
water and heat resistance. 

The major operational difficulties encountered in 
the manufacturing process are the contamination of the 
resin with excess formaldehyde and discoloration of 
the resin by contact with the catalyst. Therefore, it 
would seem that neutralization of the catalyst after the 
water has been evaporated off is most necessary to pre- 
vent the occurrence of the latter phenomena and ex- 
tremely careful control of the reaction is essential to 
prevent the former hazard from occurring. 

The uses of Bakelite, as is the case with any other 
substance, are chiefly determined by its physical prop- 
erties. Its wide application in modern life can be 
readily attributed to low cost, mechanical strength, and 
good insulating properties. To indicate some of the 
general properties of Bakelite, I have included below a 
table* of the more common physical properties of this 
remarkable plastic. 


Specific gravit 1.36° 

Bulk acne , 2.731 
Weight per cu. in. 22.1 grams 
Water absorption 0.8 per cent 
Heat resistance 350°F. 
Impact strength 0.28 ft-lb. 
Flexural strength 10,500 Ib/in? 
Tensile strength 6,000 lb /in? 
Compressive strength 25,000 lb/in? 


Dielectric breakdown 
Dielectric constant 

*A.S.T.M. handbook. 

Bakelite applications most familiar to us are in the 
manufacture of fountain pens, ae records, and 
electrical insulating material. Pipe stems are now being 
made out of Bakelite too. One of the most startling 
properties of Bakelite, however, is its ability to with- 
stand very high rotating speeds. One of the ere 
speeds a Bakelite material has ever traveled is 80,000 
revolutions per minute in the new Sharples vacuum 
ultra-centrifuge, a force equivalent to a centrifugal 
force of 250,000 times the force of gravity. Two Bake- 
lite disks are used in a cell in the rotor to keep a light 
ray directed on the rotor in order that photographs may 
be taken at this high speed. 

The plastics industry is not only a new industry but 
also one that can never grow old. Hundreds of plastics 
have followed in the path of Bakelite and today finds 
an enormous amount of research work being done to 
improve the physical properties of the plastics and hence 
lengthen their commercial life-expectation. No, the 
plastics industry will never grow old, for the mass pro- 
duction and growing uses of Bakelite and the other 
plastics still belong to the future. 


THE TECH ENGINEERING NEWS 


400 volts per mil 
4.0 
















































Sometimes we sell Glass by the mile... 





OU are looking at a partial view of 

23.6 miles of glass piping, connec- 
tions and fittings used in making mag- 
nesium ...a material with a thousand 
peacetime uses! If you are figure-minded, 
you may be interested in what the mag- 
nesium manufacturer himself has to say 
about this installation: 


“In the Reduction Works Recovery 
operation, we use 6,240 feet of 2” Pyrex 
piping on each acid cooler. We have 20 
of these units, or a total of some 125,000 
feet of this piping in service under full 
operation. Our replacements amount to 
only .008 of 1%. In fact, our first unit 
went into operation October 24, 1942 
and has been incontinuous service since!” 


It didn’t just happen that Corning was 
called in to furnish the glass piping for 


the heat exchangers shown above. Pyrex 
brand glass combines adequate mechan- 
ical strength with high resistance to 
chemical attack. It can also stand high 
temperatures and sudden changes from 
heat to cold and vice versa. The same 
qualities that recommend this type of 
glass to chemical industries are also 
placing it in drug and dye plants, and in 
food industries where transparency and 
ease in dismantling for cleaning are 
added features. 


Corning research and experience over 
the years has been able to fit glass to 
many jobs that are a little unusual if you 
are accustomed to thinking in old- 
fashioned terms about glass. Pipe- 
lines, glass pump parts, glass instru- 
ment bearings, precision glass 
parts, to mention a few. And now 


that the skill of Corning workers is free 
for peacetime work, you'll see glass in 
new places and doing a better job than 
ever before. In the business you choose 
to follow,keep this in mind: glass is amaz- 
ingly versatile in the hands of people 
who know glass! Corning Glass Works, 
Corning, New York. 


LoRNING 


—— means —— 
Research in Glass 
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ECONOMIC JUSTICE... 
(Continued from page 86) 


an overwhelming public sentiment in support of the 
measure. 

And yet in the House the bill cannot even come up 
for discussion because of those few reactionary thinkers 
on the Rules Committee. To be considered now, the 
bill must be brought on the floor “by petition” — a 
tedious process in which a majority (218) of the Repre- 
sentatives must sign a petition asking that the bill 
be brought before the House. Offhand, it would seem 
that this should present no difficulty, since the measure 
has such widespread support and official sanction; in 
fact, both Parties came out specifically in favor of the 
FEPC in their recent election campaigns. Therefore, 
it is with understandable surprise that we find that 
after six months of delay such a large number of New 
England’s Congressmen have failed to sign the dis- 
— petition. It might be expected that the South- 
ern Representatives would not make any move to 
repudiate their century-old stand of intolerance and. 
discrimination. But that so many from our state of 
Massachusetts, for example, with its proud record of 
supposedly clear thinking and the tangible success of 
the “Springfield plan” on the credit side of the books, 
should not yet have signed the petition is a situation 
which reflects badly upon their responsiveness to the 
will of the people. ieee if they do not themselves favor 
the bill, in opposition to the voice of their Party, their 
leaders, and their constituents, we believe that our 
Representatives, especially the House leaders Martin 
and McCormack of this State, should display a faith 
in our democratic processes and lead the way for 


os 











their colleagues by helping to bring the Permanent 
FEPC bill up for immediate consideration and vote. 

The companion bill in the Senate, S. 101, is on the 
Senate calendar but has not yet been brought to a test, 
again becadse of a small group of Southern Senators 
who have threatened to stage a prolonged filibuster 
and “talk the bill to death.” The proponents of S. 101 
have endeavored to prevent this action by obtaining 
commitments to cloture (a rule limiting debate) from 
enough Senate members to make a filibuster impos- 
sible when the bill finally comes to the floor. So far 
this work is proceeding but slowly, and again we see 
CU oaienilinal antien held at abeyance by a minority 
whose ideas of racial superiority are discouragingly 
similar to those of the German fascists. 

Widespread employment of Negroes in wartime has 
finally disproved the age-old fallacy that, in general, 
they are inherently less intelligent than whites and 
unfit for many types of work, especially in technical 
fields. On the contrary, recent experience has shown 
that the Negroes are capable as machinists, technicians, 
and in all the other trades formerly closed to them. As 
students, engineers, instructors, trained in the ideals of 
objective, scientific thought, surely we must feel that 
since the essential ability of a worker is not determined 
by his color or racial ancestry, then there is no justifi- 
cation whatsoever in arbitrarily discriminating against 
him on those grounds. Rather it is a very denial of the . 
ideals upon which our nation was founded and for 
which our fathers gave their lives. 

But it is not enough to wave fine speeches and 
statements of good intentions before our people when 
they ask what is to become of the millions of Negecen, 
Catholics, Jews, Spanish-Americans, and other minority 
groups who in this “land of the free” have not been 

anted economic freedom. It is up to us to find some 
‘concrete means to translate our ethical ideals into 
the realities of economic justice and racial brotherhood.” 


S. L. S. 


“THAT SINGULAR ANOMALY” 
(Continued from page 79) 


room provides the musical coed with the necessary 
means of forgetting the morning’s 8:02 quiz. Every 
lunch hour finds the kitchen swarming with girls busily 
preparing their lunches. Many girls prepare all their 
meals here, since it is fully equipped with refrigerator, 
stove, sink, tables, dishes, an cabins. When drafting 
or architectural problems suddenly become due so that 
late drawing becomes a necessity, the sleeping room 

rovides a place to nap for a few hours before classes 
wie thus saving the coeds a trip home in the wee 
hours of the morning. 

The main social functions taking place in the 
Cheney Room are the open teas (those open to males). 
These teas are held at least once each term and afford 
an opportunity for the girls to introduce their friends 
to the Cheney Room. The principal forms of amuse- 
ment at an open tea are dancing and refreshments, 
supplemented occasionally by planned entertainment. 

Although the Cheney Room serves as a place of 
refuge for the coeds while noe are in school, the prob- 
lem of their housing has long been present. They have 
lived in rooms and apartments scattered throughout 
Cambridge and Boston, but November, 1945, opens a 
new era in the housing of women students at Technol- 
ogy. It brings a house on Bay State Road, which will 
be an experiment leading, it is hoped, to a dormitory 
for the girls. The house will be occupied by fourteen 
girls with a housemother and cook. The girls have been 

(Continued on page 101) 
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THERMODYNAMIC MEDIA 
(Continued from page 77) 


with mercury, its appetite for iron 
has been curbed, Pi ye the same 
time its surface properties have been 
altered so that heat transference 
from the boilers is quick and effi- 
cient. With these new developments 
in operation, the generator is run 
with an output of about fifty thou- 
sand kilowatts at an efficiency of 
about thirty-seven per cent for the 
engine. 

At this point, it is customary for 
many of us to wonder just why 
everybody is not using mercury. 
This is partly due to the fact that 
corrosion has not been entirely 
eliminated and party due to the 
cost and previously mentioned tox- 
icity of the mercury. 

All is not lost yet, though; we 
may still have cheap power through 
the use of better media in our en- 
gines (if not from another “recent 
development”). There are other 
compounds having the desirable 
properties of mercury without its 
drawbacks. Some are already in 
use. Diphenyl and diphenyl oxide, 
previously mentioned for their use 
in heating, have enjoyed moderate 
use in engines. They have also been 
used in conjunction-with water, al- 
though this is not altogether neces- 
sary, as they operate at somewhat 
lower temperatures. They have met 
with the anticipated success, al- 
though the increase in efficiency has 
not been as great because of the 
lower temperature. 

Mixtures of higher aliphatic hy- 
drocarbons, already on the market 
for other purposes, are next in turn 
for such trials. Their use will allow 
greater increases in efficiency than 
the diphenyl-dipheny] oxide mixture 
while at the same time they are even 
cheaper. They are so harmless that 
they are used internally. 

Esters of inorganic acids similar 
to tetra-cresyl silicate may be used 
in engines as well as domestically. 
Phosphates may be used instead of 
silicates because of sulfones as by- 
products of Seager goes to com- 
pletion rapidly, the efficiency of the 
mercury vapor engine may be sur- 

assed by much cheaper substances. 

ey have unusually high boiling 
points and are quite resistant to 
pyrolysis. 

The rise of new thermodynamic 
media in commercial chemistry is 

rimarily dependent on their price. 
ompounds are available with the 
desired properties; as soon as proc- 


them at lower costs, their use wi 
become widespread. 


esses are developed for pga ‘ 
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A FLEXIBLE SHAFT IS 
CIKRE A HOLE-IN-ONE 


The object in golf, as you know, is to complete the course with 
the fewest strokes. A hole in one stroke helps greatly to accom- 
plish this object. 


The object in machine design is to achieve desired results 
with the fewest parts—for that means less material, less manu- 
facturing, less assembly, lower costs. Where the transmission of 
rotational power is involved, an S. S. White flexible shaft Is the 
counterpart of the hole-in-one in that it accomplishes the purpose 
with a single part. 


This is a basic reason why S. S. White flexible shafts are 
worth considering for every rotational power drive or remote 
control problem that comes up. You will, therefore, find it help- 
ful in machine design work to be familiar with the range and 
scope of S. S. White flexible shafts which are produced in a 
large selection of sizes and characteristics in both the power 
drive and remote control types. 


WRITE FOR THIS BULLETIN 
It will give you the basic facts and technical data about 
S. S. White flexible shafts. Ask for Bulletin 4501. When 
writing, please mention your college and course. 







PLEXIQLE SHAFTS + FLEXIGLE SHAFT TOOLS + AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS - SPECIAL FORMULA RUBBERS 
MOLDED RESISTORS + PLASTIC SPECIALITIES + CONTRACT PLASTICS MOLDING 
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DEPT. C, 10 EAST 40th ST., NEW YORK 16, N. Y.=—— 


One of Americas AAAA Industrial Enterprises 
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PULL-OUT OF A SYNCHRONOUS MOTOR 
(Continued from page 83) 


series may be written: 
sin 6=sin 6+-(cos 0,.)(@—-@)—++> (7) 
Substituting in (1), 


weet sin 8,+(c08 4)(0-8,)=6 (8) 
Employing (5) and letting 
(6— 6.) = Ce (9) 
(8) becomes 
b’+kb+cos 6.=0 (10) 
or 
b= 5 v (k?/4)—cos 6, (11) 
Since the radicand is negative, we 
may write 
= —Satiy (12) 
‘where y is real. Then in the neigh- 
borhood of 6,, from (9) 
(0—6-) =Cye~ “cos yt+ 
Coe~ “*/*)'sin yt (13) 


The expression for w follows immediately. The exponen- 
tial form assures that (9@—0,) and w approach zero as 
t increases. The spiral path about 6, shown in Figure 2 





















--P--- 
o” beat 


Figure 2 


is traversed as t increases; 0, is called a stable focal 
point. Note that the horizontal axis is always crossed 


ee rig le singular point, 

b= 3 v (k2/4) —cos 65 (14) 
Employing (6), 

b= —$4 VERA) Feo 6, (15) 


In this case the radicand is positive, and there are two 
real roots, one greater than and one smaller than zero, 


(Continued on page 102) 

















One of the major ways B&W can serve 
you in your engineering career is in 
matching steel tubes to jobs —to such 
diversified applications as stationary, 
locomotive and marine boilers; to high 
pressure high temperature services in re- 
firieries, synthetic rubber plants and other 
chemical processes, 

Since B&W became the first boiler manu- 
facturer to make its own tubes, nearly 
40 years ago, it has produced enough 
pressure tubing—both seamless and 
welded—to wrap almost 6 times around 


Seamless Tube Division 
Beaver Falls, Pa. 











the Earth. In addition, B&W has produced 
vast quantities of mechanical tubing, of 
both kinds, for machined parts and struc- 
tural purposes. . 





Two specialty tube mills are operated 
by B&W today, with extensive physical, 
chemical and metallurgical laboratories 
for manufacturing control and continuity 
research, 


B&W's past experience, plus present 
research, make B&W the name to watch 
for future tube d 






















Welded Tube Division 
Alliance, Ohio 
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The job of Gas, industrially, is to supply heat at any 
desired temperature, when and where it is needed. Some 
of the newer methods of Gas application are truly amaz- 

. ing in their versatility and originality—bringing to each 
type of industry the best possible equipment for industrial 
heating operations. Here, for instance, is a Gas ceramic- 
cell burner from which concentrations of heat liberation 
as great as 50,000,000 B.T.U. per hour per cubic foot of 
combustion space can be obtained! 

Many hard flames, deep inside the refractory cell, 
bring the cell lining to white heat. The outlet slot is 
narrow, can lie within a quarter of an inch of the work, 
and can be shaped to the contours of the job. Here is 
heat transfer at new frontiers. 

In industry you may never require such rate of heat 
liberation, but you can secure the many other advantages 
of Gas and modern Gas equipment. Among them are: 
extremely close automatic control; speed; unsurpassed 
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COURTESY SELAS CORPORATION OF AMERICA, PHILA., PA. 


cleanliness; temperatures as high or low as needed; 
dependability; and versatility in equipment to meet 
every industrial heat treating requirement. 

The vast amount of information on the advantages 
of Gas and its methods of application to each specific 
operation is available to industry through the In- 
dustrial Engineer of the local Gas Company. 


AMERICAN GAS ASSOCIATION 
INDUSTRIAL AND COMMERCIAL GAS SECTION 
420 LEXINGTON AVENUE, NEW YORK 17, N.Y. 
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INDUSTRIAL HEATING 






















































































BRIEFING THE NEWS... 


Traffic Master 


Priority on the “go” signal for the heaviest flow of 
traffic — pedestrians and vehicles — in any one direc- 
tion at peak hours is assured by General Electric’s new 
device, the traffic master. 

Its mechanical “brain,” which automatically con- 
trols a city traffic light system, puts accent on driver 
and pedestrian convenience, and will eliminate that 
1 ii impatience brought about by blushing 
ights. 

By allowing automatic changes in traffic light sys- 
tems as often as every twelve minutes during a day 
under six different programs, the new device will prove 
a boon to many cities now struggling along with — 
and swearing at! — signals systems which seem to flash 
more red than green. 

The device can be set weeks in advance to select 
any one of the six programs for a day’s operation. It 
also takes into account when the busiest intersections 
nieed more “go” time, and the side streets require less. 

In other words, when the heaviest traffic is flowing 
toward the factory or the downtown area, the traffic 
master obliges by telling the system when to rearrange 
the “go” signals in order to give the rush traffic a non- 
~— route. Then when there is a reverse in heavy 
traffic at the end of the working day, the device again 
tells the system to rearrange the “go” signals for the 
opposite daechion: 

When necessary the “walk” cycle of a traffic system 
also can be lengthened or shortened according to pedes- 
trian traffic in the same manner as car control. ; 


N° 10-6’ x 18" 
NO 12-6"x 30" 


Electric- 
Hydraulic Type 


PLAIN GRINDING 
Be 


LES ROE 


BROWN & SHARPE 








With the traffic master these variations in signal 
timing may be established as far as twelve weeks in 
advance, taking into account the variations in traffic 
conditions on holidays or during special events, such 
as parades or football games. 

The device, developed in the G-E Lighting Division, 
also has a weekly program cylinder which permits any 
one of the six different programs to be selected for any 
day of the week. 

Already the new device is being installed in Detroit 
along several miles of Grand River Avenue — a street 
averaging forty thousand vehicles a day with two thou- 
sand in one direction at peak hours. 


Floating Power Plant 


A queer looking propulsionless barge, incapable of 
motion and seemingly relegated to home front duty 
during the war, not only crossed the Atlantic and en- 
tered combat but supplied the city of Antwerp, Belgium, 
with emergency electric power for several months, it 
was disclosed recently. 

Named the Resistance, the craft was a huge Ameri- 
can floating power plant with no “git up and git” of 
its own but with a General Electric turbine generator 
set capable of generating enough electric power to 
supply a city of a hundred thousand. Looking more at 
home on the Mississippi than on oceanic waterways, the 
Resistance was one of many such floating power plants 
built to meet temporary power shortages expected in 
the United.States in the early stages of the war. 

Nevertheless, when it became necessary to “draft” 
the propulsionless craft for combat action, Uncle Sam 
found a way. Under vigilant eyes of a Naval convoy, 
the Resistance was towed by the Army Transportation 
Corps the entire distance across the Atlantic. Aver- 
aging a speed of three knots per hour, the craft took 
fifty-one in to make the crossing. 

The voyage was logged as comparatively quiet un il 
the convoy reached the Scheldt estuary, at which point 
German U-boats, moving in for a kill, struck a running 
fight with the Resistance’s escorting craft. The attack- 
ers were destroyed after a full night’s engagement. 

Arriving off Antwerp, the huge floating — plant 
was connected directly to lines of the Belgian power 
system, and for several months thereafter Antwerp 
received its electric power from the Resistance. Durin 
the period, the Germans poured in twenty-six hundre 
V-bombs in an attempt to destroy the port, but the 
power barge remained unscathed of any serious damage. 

Housed in a steel hull half the length of a city block, 
the power plant was able to generate a maximum of 
thirty thousand kilowatts of power with its steam tur- 
bine generator set. Steam was supplied to the turbine 
by two oil-fired boilers that consumed a half million 
gallons of fuel oil in about seven days. 

A twenty-foot transmission tower built on the deck 
provided the means of hooking-up the plant to Belgian 
power lines. 


Watch for the 
DECEMBER 
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In countless ways good health is closely 
tied to chemistry. A goodly proportion of 
the more than 500 Dow chemicals are pro- 


duced for the specific purpose of keeping 
our nation healthy. 


When your doctor writes a prescription call- 
ing for certain pharmaceuticals, the chances 
are that one or more Dow products were 
used as basic materials in their manufacture. 
The same is true when you buy a standard 
proprietary remedy over the counter in your 
neighborhood drug store. Among the long 
list of pharmaceutical chemicals Dow pro- 
duces for these purposes are Chloroform, 
Epsom Salt, Acetyl Salicylic Acid, Iodine, 
Phenol, Monochloracetic Acid, Acetphe- 
netidin and Potassium Bromide. Recently, 
with the aid of Methocel, a Dow product, a 
remarkable new method for the treatment 
of burns has been developed; and the first 
commercial production of dl-Tryptophane, 
one of the essential amino acids, has just 
been announced by Dow. 


4 Mealthy MatlON ates neevity om chemistry 


But good health also depends on wholesome 
food, pure water, and sanitation. Dow 
insecticides, fungicides and fumigants pro- 
tect food from the attacks of pests. Chlorine 
and Activated Carbon, produced by Dow, 
keep water pure, odorless, sweet. Dow 
Ferric Chloride for sewage dis is essen- 
tial for effective municipal sanitation. 


In countless ways Dow chemicals are serv- 


ing you to prevent illness, alleviate suffering 
and promote the good health of the Nation. 
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SKF. 


Puts the 
RIGHT BEARING 
\ in the 

\ RIGHT PLACE 





armor plate and the household mangle your 
wife uses to iron sheets or table linen may not 
seem to have much in common. But the under- 
lying principle of both machines is the same. 
Each employs rollers seated in anti-friction 
bearings— bearings such as are made by S&S. 


SSLS makes ball and roller bearings for many 
different needs. There never was a single bear- 
ing that could perform all the tasks that call for 
anti-friction bearings today. But wherever 
wheels or shafts present their own peculiar 
problems of speed, load, radial pressure and 
thrust, SSS is sure to have the particular type 
of bearing to do the particular job. 





FROM TANK TO TABLECLOTH... 
The giant rolling mill that flattens out steel for | 





Whether you are seeking to speed up your 
production for the final drive of the war or are 
planning reconversion to postwar operation, an 
SuLS engineer will gladly help you select 


THE RIGHT BEARING FOR THE RIGHT PLACE 


’ 


BALL AND ROLLER 
BEARINGS 






SKF INDUSTRIES, INC., PHILA., PA. 
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“THAT 
SINGULAR ANOMALY” 
(Continued from page 94) 


promised that there will be no reg- 
ulations other than those necessaty 
to keep the house running smoothly. 
The house will be an attractive home 
in which the girls can entertain as 
well as study. 

Among the problems of coeds at 
Tech has been the lack of physical 
education. They have never been 
allowed to use the gym and, al- 
though numerous efforts have been 
made in their behalf, as yet no suc- 
cessful solution to this problem has 
been reached. The swimming pool 
can be used by the women students 
so seldom and at such inconvenient 
times that few coeds can take full 
advantage of it. At present, the 
girls do not receive physical exami- 
nations as do the men students, al- 
though many of the coeds feel these 
should be a requirement. 


There are varied extra-curricular activities in which 
the coeds participate. The Drama Shop has long been 
a major attraction to the coeds. Occasionally they 
appear on the staffs of The Tech, Voo Doo, Technique, 








@ Housing wires and 
cables in walls and 
floors. 


@ Surface housing of 
wires on ceilings, 
walls and floors with 
greatest efficiency 
and neatness. 


@ How to eliminate 
enclosed branch cir- 
cuits with limited 
outlets in homes and 
provide maximum 


access for fixtures. 





**. | . An occasional bit of studying” 
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or T.E.. [a small cheer here!| and harass the lucky 


MEATS 


sr a @ Wires and cables r 
to suit every indus- 
trial, commercial and 
domestic power re- 
quirement. 
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National Electric 


eRe oouwucTs Soe Poaaw#»rgn 
Pittsburgh 22, Pa. 
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APPLE STORAGE 






editors for a few terms. 

Even as Gilbert’s “singular anomaly, the lady 
novelist” has become fully accepted in modern life the 
Tech Coeds are today firmly established at M. I. T. 





Great Community 
Refrigeration Center 


at Charleston, W. Va. 


That describes the plant of the Diamond 
Ice and Coal Co., where 150 tons of ice are 
made daily, and 15,000 fur coats, also 
35,000 bushels of apples, are stored each 
season. General ia storage capacity is 
250,000 cu. ft. 

Refrigerated food lockers, 425 of them, 
are rented. The freezer rooms hold all kinds 
of frozen foods. Pipe lines carry cold brine 
to three branch meat stations, and to a 
research laboratory. 

The Diamond Co. operates 28 ice routes; 
it does railway car icing, sells crushed ice, 
and air conditions its offices with ice. 

In short, this COMMUNITY REFRIGERA- 
TION CENTER supplies “cold” in practi- 
cally any way required. It shows what can be 
done with Frick refrigerating, ice-making 
and air conditioning equipment. Get Bulletin 
126, telling more about it: write 


WAYNESBORO, PENNA 




















































4 things no other 
metal can do... 


Under heat and pressure, simple 

metallic powders are transformed into 
Carboloy Cemented Carbide, the hardest 
metal made by man. It has helped to revo- 
lutionize production in a few short years. 
No other metal...in tools, dies and machine 
parts . .. can do so much as cemented car- 
bide to boost production and cut costs. 


as 


3 In this sheet metal forming oper- 

ation, 133 times as many stainless steel 
radio tube base parts are punched, drawn and 
trimmed with Carboloy Cemented Carbide 
dies, as were produced with ordinary dies. 
No other type of metal even approaches 
the life of Carboloy when applied to dies 
for drawing wire and tubing, or forming 
sheet metal parts. 












2 On this steel-cutting job, shells for 
World War II are machined with 
Carboloy tipped tools in 1/16 the number 
of man-hours required for an equal number 
of shells in World War I. No other mate- 
rial used in production tools can work at 
the high cutting speeds this miracle metal 
maintains in everyday operation. 


4 The Carboloy needle and nozzle 

in this porcelain spray gun lasted 21 
times as long as those made of high speed 
steel! No other wear-resistant metal can 
competitively handle the wide variety of 
industrial applications that await Carboloy 
Cemented Carbide after Victory. This fact 
is important in the plans of design and 
production engineers. 


All this means better products—lower costs for you 


ee can use Carboloy Cemented Carbide tools and dies to help speed 
war production right now . ... in your present shop set-up, with your 
present equipment, at little cost. That experience, we are sure, will point 
the way to its wider and wider use .. . for both machine and product 
parts and for all types of metal working . .. in the competitive battle 
of costs to come when peacetime manufacture is resumed. 


Carboloy Company, Inc., Detroit 32, Michigan. 
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CEMENTED CARBIDE 
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CARBOLOY 





The Hardest Metal 
Made by Man 
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PULL-OUT OF _ - 
A SYNCHRONOUS MOTOR 


(Continued from page 96) 
b; and bz respectively. Ther from (9), 
(0— 0s) =Cye (16) 
and 


@Q= C,b,e™ (17) 


whence 
w=b,(0— 6) (18) 


a straight line. For 6; we obtain a 
straight line with oppositely signed 
slope. 4; is an unstable singular 
oint, and is called a saddle point. 
he machine curve for starting at 
%: is shown in Figure 2. 

When the motor starts at 4 the 
curve passes through 6;. This 4, it 
will be remembered, is what we are 
trying to find. Assume that 


@=ax+aox?+--- (19) 
where x= (0—96;) (20) 


Rewriting (4), which (19) must 
satisfy, we have 


“2 +k) w=—sin 06+G (21) 
or, from (20), (7), and (5), 
dw 
at) w 
2 
= —X COS a+ 8" O+++> (22) 


Employing (19) t.18 expression be- 
comes 


(a+k+2ax+ )(ax+---) 
=—~ cos A+++: (23) 


We can now find the a’s by col- 
lecting the coefficients of like powers 
of x; this done, we shall have 
equations for the @—w curves and be 
able to find ®. For example, 


(a,+k)a,;=—cos 6,=cos 0 (24) 
whence 
a,=— ‘ — ¥ (k?/4)+ cos 6 (25) 


The other a’s may be obtained 
similarly. After a few of the a’s have 
been found, the critical curve (i.e., 
the curve starting at % and endin 

at 0; in Figure 2) can be “followe 

back” to, say, the point marked 
P in Figure 2 with good accuracy. 
6 can finally be found by proceed- 
ing from P by the method of finite 
differences. Note that one should 


work with a , Which approaches 
zero near 6, in this process rather 


than » which becomes infinite. 
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The operating subsidiaries of 
Air Reduction Company, Inc., 
are: 

AIR REDUCTION SALES COMPANY 
MAGNOLIA AIRCO GAS PRODUCTS CO. 
Industrial Gases, Welding and 
Cutting Equipment 


e 
NATIONAL CARBIDE CORPORATION 
Calcium Carbide 


e 
PURE CARBONIC, INCORPORATED 
Carbonic Gas and “Dry-ice”’ 
e 


THE OHIO CHEMICAL & MFG. CO. 
Medical Gases— Anesthesia 


Apparatus—Hospital Equipment 


® 
WILSON WELDER & METALS CO., INC. 
Are, Welding Equipment 


7 
AIRCO EXPORT CORPORATION 
International Representatives 
of the above Companies 
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That's the amazing range of products made from Calcium Carbide, the material 
that produces acetylene gas for welding and cutting. Now, through the modern 
science of chemistry, this versatile product has become a basic material for 
making a host of new things — plastics, rayon fabrics, cleaning fluid and 
synthetic rubber — for a thousand different uses. 

National Carbide is one of many Air Reduction products that play an 
increasingly important part in diverse phases of American life . .. from aircraft 
manufacture to food packaging . . . oxygen therapy to shipbuilding. 


AIR REDUCTION 


60 East 42nd Street, New York 17, N.Y. 





THAT'S NO 
TRICK AT ALL. 
ITS ROEBLING 
WIRE ROPE. IT 
ALWAYS STANDS 
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AND THAT GOES 
FOR THEIR ELECTRICAL 
WIRES AND CABLES, 
WOVEN WIRE, 
ROUND, FLAT AND 
SHAPED WIRE, 
AND STRIP 







Roebling produces every major type of wire and wire product... toaster 

cord to telephone cable... bridge cable to wire rope . . . fine filter cloth to 

heavy grading screen...strip steel and flat wire to round and shaped wire... 

all Roebling products. All the result of over 100 years of wire specialization. 
John A. Roebling’s Sons Company, Trenton 2, N.J. 


ROEBLING 


ACEMAKER IN WIRE PRODUCTS 


HIRE ROPE AND STRAND * FITTINGS * SLINGS * SUSPENSION BRIDGES AND CABLES 
COLD ROLLED STRIP + HIGH AND LOW CARBON ACIO AND BASIC OPEN HEARTH STEELS 
ORD, SWAGED TERMINALS AND ASSEMBLIES * AERIAL WIRE ROPE SYSTEMS * ROUND 











YEAST IN NUTRITION 
(Continued from page 82) 


the yeast with weak alkali. Because 
of the weakly acidic properties of the 
resins, such treatment produces sol- 
uble salts which may be separated 
from the yeast. The method consists 
of alternate agitations and dilutions 
of the yeast-alkali mixture and, fi- 
nally, treatment with phosphoric acid 
to bring the cellular wall of the yeast 
down to a normal pH of 5.4. A 
temperature of about eight to ten 
degrees Centigrade is maintained. 

The debittered and concentrated 
yeast-protein thus obtained may 
then be used as such, or further en- 
riched. If it is to be enriched with 
synthetic vitamins, a soluble car- 
bohydrate is mixed with the yeast, 
and the vitamins are then added. 
The presence of the carbohydrates 
causes the yeast cell to absorb the 
vitamins, yielding an even more 
potent nutrient. 


There are definite advantages to 
the use of yeast-concentrates for 
both human and animal nutrition. 
It has been reported that in the rais- 
ing of pigs and young dairy stock 
highly beneficial results have been 
obtained, and in the feeding of dairy 
cows it is highly recommended. In 
human nutrition, much has also 
been observed. When given to aged 
people, the yeast-concentrate caused 
the disappearance or improvement 
of typical pathological features of 
senility. No definite results have 
been announced, but success has 
been apparent in the treatment of 
children’s deficiency diseases and 
the value of yeast in the treatment 
of jaundice and certain forms of 
anemia has been fairly well estab- 
lished. 

Without a doubt, the yeast-con- 
centrate nutrients will be used to a 
great extent to feed war-ravaged 

urope. It may be shipped eco- 
nomically, and it is easily preserved. 
It must be remembered that the 
greater the need and demand, the 
more will be produced, subsequently 
lowering the price. It is worth re- 
cording here that one acre of land 
under a carbohydrate crop would 
yield only seventy pounds of food 
in the form of milk or meat protein, 
while the same amount of land un- 
der the same carbohydrate crop 
would yield eight hundred and forty 
poe of yeast-protein concentrate. 
| It may also be noted that even to- 

day the price of yeast-protein is less 
than that of beef, milk, or egg pro- 
tein, and the vitamin content is 
considerably higher. Who knows 
‘| what the | Bo. may hold? “T’ll 
take my yeast well done, please!” 
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e ...and it looks as if the hungry gentle- 
man above just can’t digest that funda- 
mental fact. 


But, the fact that “nothing rolls like a ball” 
has been digested by machine designers. The 
simplicity of the ball bearing—which carries 
the loads on free-rolling, tough steel balls — 
is the answer to many a 64-Méillion Dollar 
Question. 


Higher speeds, heavier load capacities, greater 


There is more for you in New 
Departure Ball Bearings than 
steel and precision. Advanced 
engineering and a desire to 
serve are tangible plus values. 


Wotuug Rolls Like a Fill » + « - 
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rigidity —in literally millions of applications— 
conclusively demonstrate the unique fitness of 
New Departure Ball Bearings for the new 
scheme of things mechanical. 


We believe no other bearing has as many ad- 
vantages as the ball bearing. Partic- 
ularly the ball bearing backed by 
the technical skill, long experience 
and meticulous manufacturing 
methods of New Departure. 


BALL BEARINGS aac 


NEW DEPARTURE + DIVISION OF GENERAL MOTORS + BRISTOL CONN « Branches in DETROIT - CHICAGO « LOS ANGELES and Other Principal Cities 
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FIFTY YEARS OF X-RAY 


From a College Laboratory 

Working in his laboratory at the University of 
Wurzburg, Roentgen discovered the x-ray. That 
was November, 1895. This year, 1945, is the 50th 





anniversary of that discovery and also the 
anniversary of Roentgen’s birth. 


In 1896, one year after Roentgen’s finding, young William Coolidge was 
hard at work at the 
menting with these mysterious rays. Later, in the General 


. . rN 1 1 
Massachusetts Institute of Technology experi- 
Electric Re- 


ne 


search Laboratory, he developed the tube now known universally as 
Coolidge tube—a development second in 


original discovery. 


importance only to Roentgen’s 


. tube. He produced a tube that was 
The Coolidge Tube— I readily and accurately con- 
Milestone in X-rays -ojjabi. 


and wholly stable 


The early x-ray tubes were gas 


tubes, and even the best of them a —— - - 3 agi 
were not always reliable. When ie 7 baie 

Dr. Irving Langmuir demon- higher than were pre- 

strated the possibility of a pure ous!) sible, Dr 

electron discharge in a high Coolidge t 

vacuum, Dr. Coolidge set out to he had to devise still LAM: 
build a radically new type of x-ray another type of tub 
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prising the whole tube. 
Present and Future 


Dr. Coolidge’s sectional tube has 
been an important factor in ex- 
tending the range of service which 
x-ray provides in industry. Using 
this tube, Dr. E. E. Charlton and 
Westendorp developed the 
two-million volt unit, making it 
possible to see through twelve inches 
of steel. This unit will radiograph 
an eight-inch steel casting 78 times 
as fast as the smaller giant of one 
million volts. And Dr. Charlton and 
perfected 
equipment that will produce x-rays 
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Mr. Westendorp have 


at 100,000,000 volts. 
The 


X-rays 1S 


world’s 
growing rapidly. 


Laboratory 
continued by the 
ing the breadth of 


erally available to more people. 











The 100,000,000 volt x-ray 
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For more information about x-rays, their 
uses and development, send for ‘‘The Story 
of X-Ray,” Address Campus News, Dept., 
6-312, General Electric Company, 
Schenectady 5, N. Y. 


The best investment in the world is in this 
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—a sectional x-ray tube. He de- 
veloped the cascade principle, apply- 
ing a part of the total voltage to 
each of a series of sections com- 


dependence’ on 
Re- 
search, begun in the G-E Research 
and the engineering 
G.E. X-Ray 
Corporation in Chicago are increas- 
application, 
making the benefits of x-ray gen- 
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